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Preface

Geomagnetism as a science began with the concept put forth by Gilbert in the

16th century that the earth itself is a magnet. Secular variations were discovered

in the seventeenth century. With the observations of transient variations of the

field in the eighteenth century it was generally recognized that geomagnetism is a

dynamic phenomenon. By the end of the 19th century a large number of mag-

netic observatories were established around the world. Through coordinated

measurements from many stations, the worldwide nature of major disturbances

was established. At the same time the greatly increased volume and precision of

data made it clear that the phenomena being studied were very complex. Early in

the 20th century, the intimate connection between solar and geomagnetic

phenomena was ascertained from the correlation of recurrent disturbances with

the 27 day solar rotation and later by the observed relation between magnetic
storms and solar flares. The important fact that the geomagnetic field interacts

with a continuous stream of solar plasma was established only during the last

20 years as a result of satellite observations. Today it is generally recognized

that the geomagnetic field is a complex feature of the planet interacting with its

environment in the solar system.

A workshop on geomagnetism was held at the Air Force Geophysics Laboratory

on April 6-7, 1979 to (1) survey the present state of knowledge of the geomagnetic

field during quiet and disturbed conditions; (2) obtain an overview of the work being

carried out around the world both from the ground based networks and satellite

observations; and (3) reach concensus in the informal workshops as to what analyt-

ical and experimental work needs to be done to make significant progress in our

3



understanding of geomagnetic variations, which will in turn contribute to our
knowledge of magnetosphere. ionosphere and geological processes. The two-day

program consisted of tutorial lectures, brief contributed papers, descriptions of

magnetometer networks, and discussion groups. Each session was assigned a

reporter whose responsibility it was to summarize the session for the Priceedings.

Each session forms a section in the Proceedings. A copy of the program is

included as well. We readily acknowledge, as can be seen from the program, that

the workshop was biased toward ground-based studies.

We hoped that by means of the Workshop the participants would become familiar
with the AFGI, Real Time Magnetometer chain and would be encouraged to use both

the pulsation data and flux gate measurements from this network. David Knecht,

with support from Charles Tsacoyeanes and Bob Hutchinson, was responsible f,.r
the network development. A report prepared by the above describing the network

and data handling system is available for distribution. Paul Fougere is responsible

for the scientific analysis and utilization of network data.

Bob iutchinson, Dave Knecht, and Paul Fougere, all of AFGL, worked with

me in planning and organizing the Workshop. I am deeply grateful for their energy,

enthusiasm, and effectiveness in carrying out the many tasks it entailed. I would
also like to thank Bob Hutchinson, Peter McNulty oif Clarkson College, Bob lilz of

AFGL, Pat Hagan of Emmanuel College, and Fred Rich of Regis College tor
handling various travel arrangements, the logistics of contractual efforts and

other details of the Workshop. I would like to express our appreciation to the

speakers for the quality of their presentations and to the reporters who did an

excellent job in summarizing the results in a timely manner. Bob Hutchinson and
Susan Gussenhoven acted very effectively as my co-editors in preparing the

Proceedings and I am grateful for their assistance.

Work done in the Workshop was supported by Air Force Contracts F19628-77-

C-0122 and F19628-79-C-0102.

We wish to thank all the participants for a very stimulating and rewarding

meeting.

Rita C. Sagalyn
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Proceedings of the Air Force
Geophysics Laboratory Workshop on

Geomagnetism: April 6-7, 1979

I. Tutorial Lectures

The tutorqial presentations were divided into three classes.

The first class dealt with our present understanding of the magnetosphere and
the potential for the AFGL magnetometer chain to contribute to further un(h.rstand-

ing. Tutorials were given by S. -I. Akasofu, R. MePherron, and 1). Southwood.

The second class dealt with the theory and measurements of geomagnetic

pulsations and data analysis techniques that bring the two more closely together by

presenting the large amount of information obtained from spectral analysis con-

cisely. Tutorials were given by J. Hughes, L.J. Lanzerotti, ,1. Samson, and

M. C. Kelley.

The third dealt with applications that can be made from increased knowledge

of the geomagnetic field and the variations. These included locations of natural

resources, determining the earth's conductivity, and predicting effects on long

conductors, such as pipelines. Tutorials were given by W. II. Campbell, . Wood,

J. Hermance, and R. Reagan.

Rather than discussing the individual talks, the recorders have attempted to
present a coherent summary of these three general topics. The recorders were:

M.C. Kelley, W. Bellew, J. Hughes, and R. Reagan.

(Received for publication 10 August 1979)
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A. MA;NETOSPIERIC PIYSICS

(Reporter: M. Kelley)

1. Some Energy Principles and their Relationship to Magnetlspheric
Physics

Study of magnetospheric physics began with the observation of short period

fluctuations of the earth's magnetic field. These were eventually shown to relate

to auroral displays and solar activity. In the space age we have extended our data

base to include in situ magnetosphere and interplanetary observations and we are

now beginning to understand the complex relationship between 6B measured on the

ground and the current systems which form the magnetospheric cavity. It should

be noted at the outset that there are distinct limitations to magnetic field observa-

tions. First they respond to both "local" ionospheric currents and to distance cur-

rent systems such as those at the magnetopause, in the ring current, and in the

geomagnetic tail. Second, the extremely important field aligned currents and

associated Pedersen currents are almost perfectly shielded from ground observa-

tions. Thus an inspired combination is needed of such parameters as ground mag-

netic fields, electric field patterns, field aligned current measurements from

satellites, auroral imaging, interplanetary data, etc. It is thus not surprising

that many outstanding problems remain in magnetospheric physics,

Although eventually detailed three dimensional models will be necessary to

reproduce the complexity of the near space region of the earth, many of the prin-

ciples can be understood from the energy theorem of electromagnetic theory.

These results can also guide us in choosing key physical parameters for measure-

ment and in building a conceptual model. The energy theorem derives from the

stored magnetic energy in a system

B 2 d

where dV is the volume element. We study changes of this quantity with time

which can be written

aWB 1 al dV (2)
a~t A-A" at
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Then using aTi ilt Y T, T IQB Ij and tile v.(eco idefltjtv T-. (1< ) fl T.)

-I: ( ; \ TO) we have

4 using .1 o(E V N, 1) and applying tile eliverg(.nce thteoem'i to (l t'It th'i st

\colunie ite !r'l toe a surlia('( integrail

(I_ _ fF( - F 'T IV

anid 'in7alIx'I

(. TO H) (IS - f Iv f Ji7 (Ti y ) (Iv (5)
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tile full J T requirement) and results in finite electric fields parallel to 1 and a

finite J E 0 along B.

At present it is very difficult to add up all these energy sinks even if we knew

when the magnetospheric geometry was static. There are times when we know the

system is relaxing from some disturbed state, however, and we might hypothesize

that no major input of energy is taking place. Holzer and Slavin
1 

have studied

such cases by using data from out-

ward bound satellites which have de-

tected multiple magnetopause cross-

ings as it expands outward. The sys- 30

tem is thus approaching a lower

energy state since the dipole field

which extends to infinity is the 25

ground state for the magnetosphere.

The magnetic flux -f added to the 20

front side is plotted versus the inte-

grated auroral zone magnetic disturb-

ance for nine cases in Figure 1. A 015

linear relationship is indicated which +

suggests that the energy released in o0

the reconfiguration of the magneto-

sphere is proportional to the inte- " r .lofld4p

grated auroral index. By Eq. (5) + nX l 2 AL/t+40

the energy appears as J • E dissi- + xlo 5 Mx

pation in the magnetosphere or iono- Corr. Co ef.I.93
sphere, plus convection. Note that 0 5 10 15 20
Eq. (5) shows that the inner magneto- flALIdtx 03 y-min

spheric convection is driven by the
Figure 1. Estimated Flux Return to the

magnetic flux storage in the distorted Sunward Magnetosphere During Expansion

magnetosphere. This reconfigura- Events versus fAldt Taken Over the
Same Time Interval (Holzer and Slavin

1 )
tiofl would presumahly continue until

a dipole field was reestablished if no

new Poynting flux entered the system. A block diagram of this system is given in
Figure 2.

Evidence for the importance of this l'oynting flux is presented in Figure 3.

The parameter (see also Figure 2)

1. Holzer, R. E. and Slavin, J.A. (1978) Magnetic flux transfer associated with
expansions and contractions of the dayside, J. Geophys. Res. 83:3831.

2. Akasofu, S. -I. (1979) Interplanetary energy flux associated with magneto-
spheric substorms, Planet. Sp. Sci. 27:425.
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3 FACEOISSIPATED ENERGIES

Magnetosphere [OLEHATRN UREN

AURORAL ELECTROJET [LE E G

V - SOLAR WINO SPEED

B - IMF MAGNITUDE k'rfsrn

.7 RE

Figure 2. A Block Diagram Illustrating How the Poynting Flux in the Solar
Wind and Incident Upon the Magnetosphere is Dissipated Within the Mlag-
netosphere (Courtesy of Akasofu)
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Figure 3. Data from June 1974, Showing the AE Index
(daqhed line) and the Calculated Quantity E Vsw B2 12
sin" 69/2) (solid line) to Illustrate Their Similar Variations
in Time. The lower panel gives Ds for the same time
interval (Akasofu2 ) S
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V SW  B sin*1 (0,12) (4,)

where V S' is the solar wind speed, B is the interplanetary field (llJF), n is the

angle betk een the meridional component of the I.1F and the dipole field, and I the

reconnection area, is plotted along %%ith the auroral index AE. This parameteor is

basically the Poynting flux incident on the magnetosphere times an area related to

the reconnection region. The excellent correlation suggests that the Poynting flux

entering the magnetosphere drives the full spectrum of magnetospheric processes.

Measurement of this parameter could thus be used to predict auroral substorms.

The incident flux is apparently stored in the magnetospheric tail as magnetic

energy, W , for a time and then explosively released during substorms. The

manifestations of such a release results in intense current systems, energization

of particles to high energy, and enhanced convection in the magnetosphere, all of

which are represented in Eq. (5). An example of auroral emissions recorded by

a D.MSP satellite during a substorm'n are presented in Figure 4. The classical sub-

storm picture first presented by Akasofu3 as reproduced in Figure 5, was based

on all-sky camera coverage. This concept has been verified and expanded by this

satellite imaging technique.

Although considerable evidence exists for "reconnection" as the main source

of energy input to the magnetosphere, definitive observations of a Dungey type
merging process at the nose of the magnetosphere, as shown schematically in

Figure 6, has eluded experimenters. Recent ISEE A 1B observations by Russell

and Elphic 4 suggest strongly that the process occurs in limited bundles of flux

tubes as shown schematically in Figure 7. They observed such bundles of flux

field with hot particles moving away from the sub-solar point at high velocity.

A test of these ideas is offered by Holzer and Slavin in an extension of the
study discussed earlier. They also studied times of inward magnetopause motion

and argued as follows. The energy input to the magnetosphere must equal that

eroded at the front plus tha( dissipated in the ionosphere. From the results shown

in Figure 1 they converted the A L index to the equivalent net flux returned to the

front side by inner magnetosphere convection, added this to the observed flux

erosion, and plotted the result versus net magnetic flux applied to the magneto-

sphere, lAP Vs%(B 2 po)A, where A is the projected area of the magnetosphere.

3. Akasofu, S. -1. (1954) The development (f the auroral suhstorm, Planet.
Space Sci. 12:273.

4. Russell, C.T. and Elphic, R.C. (1979) ISEE observations of flux transfer
events at the dayside magnetopause, Geophys. Hes. Lett. 6:33.

5. lolzec, R . E. and Slavin, J.A. (1978) A (corclative study ot" magnetic flux
transfer in the magnetosphere, J. Geophys. Hes. 84:2573.
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.i guc 4. A (,,mposite( of a M SP Images Showing an Example ('r Au iral

1.lissil- -D l uring, a Sutbst,' (w(n ourtesv of Akasofu)
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Figure 5. Time Development of a Substorm (Akasofu
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DIRECT ACCESS OF SOLAR WIND

SOLAR WIN

EARTH

1Figure G. Diagram ,f tihe ()pen \lagnetsphere in Which the Solar Wind and Earth
Magnetic Fields Merge (Courtesy of Kelley)

Note that this applied flux is also proportional to the Poynting flux in the solar wind

simte E " B a (-V 1 13) '-' B '"o V13- o. Although scattered, a linear relation-

ship is indicated as shon in Figure 8.

This result suggests that during active times, 10 percent of the incident

Poynting flux in the solar, w ind is input to the magneto sphere. It is interesting to

note that the percentat~e is also rtughly the same percentage of the total solar wind

potential difference, V %%hich appearis across the magnetosphere. That is
V T  F SW x 20Re 10- 1 mV m ", 8 " 108 n) 800 keV, whereas the typical polar

cap potential is 50-100 keV.

The importance ,f this cross poar cap potential coupled with the field aligned

current patterns is clear from the follhowing ar'gument. Consider the vector identit\

'. t-J7) TV*. a , • (7)

with T the current and o the potential. In a steady state V. a - ) at 0 and we

have

.1 - 0 .J- -V. (,Jo) (8)

If ,Ae consider an closed surf.-ce and apply the divergence theorem, to Eq. (8) tile

t,,tal " • ene rgy dissipated inside the volume equals the surface integral of -Jo,

that is
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/~Mognetosphere

Figure 7. Qualitative Sketch of a Flux Transfer Event. Alagnetosheath
field lines (slanted arrows) have connected with magnetospheric field
lines (vertical arrows) possibly off the lower edge of the figure. As the
connected flux tuhe is carried by the magnetosheath flow in the direction
of the large arrow, the stressed field condition at the "bend tends to
relax, effectively shortening the flux tube and straightening the bend.
Mlagnetosheath field lines not connected to the magnetosphere drape over

the connected flux tube and are swept up by its motion relative to the
niagrietosheath flow (Russell and Elphic4 )
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80e=Q. 200P + 1.25x 10 16 MX
Correlation coefficient =0.85

0 5 0 15 20 2 30 '35

4),P (1016 MX)

Figure 8. Flux Eroded from the Forward Magnetosphere During
an Interval of Contraction Shown as a Function of the Southward
INIF Flux in GSM Coordinates. Correction for returned flux is
applied (Holzer and Slavin 5 )

Figure 9. A Schematic Diagram of the
Magnetospheric Volume in Which Energy
from Joule Heating is Dissipated. The
volume is generated by rotating the heavy
line about the dipole axis (Courtesy of
Kelley)
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clo, set loll gtitittIc t'id IlteS sepa rat tug l('gi tls Ef , pI)s o itel ( I', Elet ed .1 t1

I ilte sh1100 1 )( i it I ttd akilt t hIle di p te axis In geltu te Ille (' surac

It is cleart that it thtere atin aill ll, 'dal"ila alr it ull('tth).slltlu( cUt'i-ent sail

thet 1. Shell, the itotal energy' input to thte innuiranlt.p i and itot spheIe~ is

dleiiteile It the field alignied currenits and ilit- c(ss polar' cap 'tti a It i -

niatel., thus ('Tt(rgv in turn drives all of the pluentumcna 'kAe know% as amr ralI and

tlagutet, sItherit pth." ics including distred neit raI at mospucic '. is anld CE :l -

ps itlo(n, ant-oral tn155101STIS, (itutrttut sINSt('t S. thW li-g tuurit , andu t he Van A leni

tadjat iEn belts.

2. Rlelationshiip to the kA Magiietonketer Chaiii

Trhe A FGL_ cha in is a at id-latitude sy'st em and hence cannt directlY be uised

to study the energy input. Rathler, it must he used ton st udlv the tuechani antls

occurring in thet inner, miagnetonsphere wkhich dissipate Sottie ol this energ>'. Tw t

impnortant electrical processes of this t ype wketo discuss ed w% i ch ci ul d greatlIy

benefit from the magnetic field dlata available in the A PGI1 chaitn.

one process is illustrated in Figure 10 %which shows raw data fromn the( A EGI.

electric field experimuent on the S3 -2 satit e. The s inuso idal signal in pattel 2

is briefly interrupted byv a localized intense electric field located at the trantsition

between an IfI and 0I ionosphere (see the low o-r panel in which the ion cur rent to

a plasma sensor is plotted - large ratios of ramu to wake ion current ittplv,. heavy
4-
0ions). This large field was located at L 4 arid exceeded 240 nmV 'in. The

total potential drop was about 25 keV across about 1o of latitude. The flow\

velocity is plotted in Figure 11 for this data and another similar event the next day.

It has been conjectured by Siniddy et al 6i that such fields are generated in

response to inagnetospheric currents due to the pressure gradients associated

with hot plasma injection in substorms. Poteward fields rapidly can convect this

6t. Smiddy, M., Kelley, M., Burke, W., Rich, F., Sagalyn, R., Shuman, B3.,
Hays, R., and Lai, S. (1977) Intense poleward directed electric fields
near the ionospheric projection of the plasntapause, Geophys. Res. Lett.
11:543.
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.1S3-2 M AY 2, 1976

4-e

> CL C

2

4- Z~J

4-

2

E M 030 03001

Altitude 1457 1462 1417
MagLoc.Time 21.1 20.7 19.8

Inv. Lot. 49.8 61.8 73.7I

Figur e 10. Raw Teleniet rv Data from, the Spacercraft A agnetonieter, Electric Field
Det ector, 1 -a ngiui r Probe and Planar Ion P robe (luring a Particularly Good Exam -

tple of Intense Electric Fie'lds at the Plasmapause. ArIrows in panel 3 show pert,r -
hat ion due to a calibration sequence (SrniddY et aIl)

plasmia around the earth and therebyv ease the pressure gradient. Banks and
7

Yasuhara have suggested that a feedbark miechanismn exists to miodif 'y the iono-

Sphere rurrent even in the absence of precipitation. A suggested set of experi -

mients to study this process include the AFGL chain, Mlillstone Hill, Robervall

comiplex, AFGI. airplane, and the Ithaca auroral radar.

A secondi exciting area of research involves electrical coupling between high

and low latitudes. An examiple fromn Gonzales et al 8 is [plotted in Figure 12. This

shows a perturbed zonal electric field at 3 icaia rca in conjunct ion with a stci kingl.N

simil~ar zonal perturbation at Chatanika during substorm- activitY. The lower plot

displays the timec derivative oif the horizontal miagnetomieter signal (dfl; ]I(t) at

7. Banks, P. N1T. and Yasuhara, F. (1978) Electric fields and conduct wily III the
nighttimie E region: A new ma guetosphere -ionios phe ic -atm ',sluc(--( co upl ing
effect, Geophys. Res. L-ett. 12:1047.

8. Gonzales, C. A. , Kellex', A]T. C. , Fejer, B. , Vikrey, J. , antd\,uua I
1979) Electric field coupling between high and N w nt it uics , J. (fe ph'vs.

ties. (submnitted for publication).
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Rev 2087 Rev 2101
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60( nvariant Latitude) 60( lavon-t Latitude)

00 MLT O0 MLT

Figure 11. Ambient Electric Fields Converted into Flow Veloces and Plotted in

Invarient Latitude Local Time Coordinate System (Smiddy et al

at San Juan which also has the same waveform. A different type of coupling is

shown in Figure 13. Here a rotation of the interplanetary magnetic field from

south to north (shaded times) seems to cause a rapid decrease in auroral convec-

tion and a simultaneous perturbation at Jicamarca. These phenomenn could be

studied using the same set of experiments although Millstone Hill would also have

to be orientea southward half of the time. Attempts to correlate with Arecibo and

Jicamarca would be very desirable.
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~0

20 WESTWARD6
E~ AURORAL E-F ELO
E

-20-

20 L
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Figure 12. (a) The At', Al. Aurdral Indices: (b) Vive
Superposed M idlatitude Mlagnetograms (Kakii'ka,
Tashkent, Tangerang, San Juan, liobilulu); (c) The
Eastward Component ,f the Equatorial Electric IField
Measured at .Jicamarca, Peru:. (d) The Westward Comn-
ponent of the Auroral Electric Field Mleasured bNy
Balloon Detectors at College, Alaska; (e) The Timfe
Derivative of the Horizontal (-n nonent of the 'Magnetw
Field at San Juan. Only for this case, the quiet behav-
ior has been subtracted from the midlatitude magneto-
grams. The arrow in (b) points to the San Juan miag-
netogram. The dlots indicate local magnetic midnight
(Gonzales et a18 )
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Figure 13. Electric Field Data from
Two Auroral Zone and One Equator-
ial Site Along with IF and Aurora]
Activity lndi es for 14 April 1978
(Kellevy et al

).Kelley, N1d. C. , Fejer, B. G. , and Gonzales, C. A. (1979) An explanation for
anomalous equatorial ionospheric electric fields associated with a northward
turning of the interplanetary magnetic field, Ge4ophys. lies. Lett. 6j:301.
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It. (;EOM \(% ET.IC I I,V'IY(1ON

(epoixrters: J. I IugI,. and .. Ielle )

I. ltro4Iue thon

Geomagnetic pulsations are hydromagnetic waves whosc periodic nature is

caused by standing resonances of geomagnetic field lines in the earth's magmeto-

sphere. While the propagation of such signals is reasonably well undetstood we

still need to investigate how these waves are generated. There are many possible

mechanisms most of which have a developed theory to explain them, thus experi-

mental research is now required to distinguish between them. We also need to

study the global vaniation of pulsation signals if pulsations are to be developed as

a useful monitor of the near-earth space environment. Lanzerotti in the second

tutorial showed how the Air Force chain, particularly when used in conjunction

with data from other sources, can be used to study both these problems very

effectively.

Geomagnetic pulsation research is a field where theory and experiment do

interact closely, advances in one have led to successes in the other and vice versa.

The new analysis techniques described by Samson in the third of these tutorials

will help bring theory and experiment even closer together and will undoubtedly be

used extensively in the future. More detailed accounts of these tutorials follow.

2. Pulsation Theory

It is generally agreed that pulsations are a manifestation of hydromagnetic

waves (Alfven waves) in the magnetosphere, and that field line resonance plays an

important role in producing periodic signals. However, important questions re-

main to be answered: How are the waves produced, that is, where does the energy

come from; how does this energy in the form of hydromagnetic waves propagate

within the magnetospheric cavity as well as into it (from the magnetosheath) and

out of it (to the ground); and finally, what is the sink of this energy, or how are

the waves damped?

Pulsations can be produced either external or internal to the magnetosphere.

Examples of sources external to the magnetosphere are the surface waves generated

on the magnetopause by the Kelvin-Helmholtz instability, and waves produced at the

bow shock or in the magnetosheath or cleft regions which subsequently propagate

into the magnetosphere. Waves can also be produced inside the magnetosphere.

These internal sources include plasma instabilities which fall into two classes.

Microinstabilities are the result of unstable spatial gradients in the plasma and
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produce a class of waves known as drift waves. Microinstabilities on the other

hand, are caused by unstable plasma distributions in velocity space. These gen-

erally result in resonant wave-particle interactions which feed energy into the

wave. Magnetospheric transients are another form of internal source. Inforrna-

tion about a change in field configuration roust travel in a plasma as a hydromag-

netic wave. Pi2 pulsations are the result of the sudden changes in convection

associated with a substorm. Examples of pulsations produced by all the methods

mentioned here have been found and theories exist to explain most of them. What

we need to know is which are the dominant methods and can v.e learn to easily dis-

tinguish waves produced by the various methods. We might expect that different

types of pulsation are produced by different methods, but so far there is little

evidence to either support or contradict this, except for certain very specific types

of pulsation (for example, pcl's produced by ion gyroresonance).

In a uniform cold plasma there are two hydromagnetic wave modes: the fast

(isotropic) mode, L= k VA; and the transverse (guided, Alfven) mode,
2 2/2 A 2

k Here VA is the Alfven speed given by VA B /g p; p is the mass

density and M is the permeability. In the magnetosphere VA is of the order of

1000 km/s and so a pulsation with a period of 100s has a wave length of the order

Of 105 km or 15R E , This is comparable to the magnetospheric scale so the uni-

form plasma approximation is invalid.

In a non-uniform medium or magnetic field the two hydromagnetic modes

*becomes strongly coupled. If we assume a harmonic variation in time and the

azimuthal angle 0, (ei(m~ Ot)), then in a dipole field, B, the two modes are

described by the coupled differential equations

op + hi_ 2 _+ h- B (r s in a E O ) -- - (B • b ) (9 )

! ~~ ~ P + h/3 B• (rBsn)
= 

im (B• b) (10)

where h and ho are geometric factors. However, when the disturbance is trans-

verse (B • b = 0), Eq. (9) is decoupled and describes the poloidal mode in which

field line displacement is in the meridional plane (b is radial and E is azimuthal)

and which is very localized in longitude. In the case of axial symmetry (m = 0),

the right hand side of Eq. (10) is zero and then this equation describes the uncoupled

toroidal mode in which the field line displacement is in the azimuthal direction

(b is azimuthal and E is radial) and L-shells are decoupled.

These decoupled modes describe oscillations of single field lines and so we

can calculate the resonant eigenperiod of a given field line. The eigenperiods of
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path modes are quite similar. Figure 14 is a sketch of how the resonant period of

the fundamental oscillation can change as a function of invarient latitude or L-shell.

There is a large jump in resonant period associated with the sharp change in

plasma density, and hence Alfven speed across the plasmapause; otherwise the

periods increase with the length of the field line.

The decoupling of the two hydromagnetic modes is, of course, an oversimpli-
fication. When the full coupled equations are solved (which has only been done in

simplified geometries) a fuller picture of the field line resonance structure results.

Figure 15 sketches the behavior of amplitude of a monochromatic signal in the

region of a resonant field line, as a function of latitude.

Plasma
200S- Pause c

Period :oos-
T c Pc4

20S- Pc3

2 3 4 5 8

L Shell

Figure 14. Variation of the Resonant Period of the Funda-
mental Hydromagnetic Oscillation of a Single Magnetic Field
Line as a Function of L-shell (Courtesy of J. Hughes)

Sense of
Polarization

Amplitudeof Signal i

Magnetopause Latitude of
Resonance

Figure 15. The Amplitude of a Monochromatic Signal
(from a Surface Wave in the Magnetosphere), in the Region
of a Resonant Field Line as a Function of Latitude. The
changes in the sense of polarization across the extreme
amplitude values is also shown (Courtesy of J. Hughes)
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The figure is drawn supposing that the wave source is a surface wave on the

magnetopause. The amplitude drops off away from the surface except in the region

of the field line whose eigenperiod matches the period of the source. Here the

amplitude peaks sharply and there is a reversal in the source of wave polarization.

This switch in sense of polarization occurs whatever the wave source and follows

directly from the fact that energy flux propagates towards the resonance. In

space there is a sharp change in the phase of the azimuthal magnetic field compo-

nent across the resonant region while the radial component shows much less

change. (On the ground the sharp change is seen in the H or North-South compo-

nent due to the effect of the ionosphere. )

When solving the coupled wave equations described above, it is found that a

damping term needs to be introduced in order to remove a mathematical singular-

ity at the resonant field line. There are several ways in which a pulsation signal

can lose energy and the overall structure of the signal depends on which method is

dominant. In particular the latitudinal extent of the resonant region is governed

by the damping rate.

1An important and probably the most important source of signal damping is the

ionosphere. At the ends of the field line the currents forming the hydromagnetic

wave must close in the ionosphere and in so doing lose energy via Joule heating.

Another possible source of damping is Landau damping, which in this application

involves coupling between particle bounce frequencies and the wave frequency.

The generation of kinetic Alfven waves in resonant regions narrowed to a length

scale of an ion lamour radius might also play a role.

3. lonospheric Effects

Of particular importance to ground based observations such as the AFGL chain

is the part played by the ionosphere in the overall process. We have already men-

tioned that the ionosphere acts as an energy sink. However, the ionosphere also

shields signals with short horizontal scale lengths from the ground and causes the

polarization direction observed on the ground to be 900 different from the polari-

zation direction in the magnetosphere.

Figure 16 shows why this polarization rotation occurs. A signal with a net

energy flux into the ionosphere is shown schematically in the magnetosphere. The

electric field in this wave causes both Pederson and Hall currents to flow in the

ionosphere. The Pederson current effectively shields the incident signal from the

ground (as any signal is shielded by a good conductor) but the Hall current produces

a new magnetic field which is the one seen on the ground. As the Pederson and

Hall currents flow at right angles to each other, the magnetosphere and ground

magnetic fields are also at right angles.
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Figure 16. Rotation of the Polarization Direction (by
900) in Transmission of a Hydromagnetic Wave Through
the Ionosphere (Courtesy of J. Hughes)

The ionosphere also substantially reduces the amplitude on the ground of any

signal with a horizontal wavelength much less than 2 7r times the height of the iono-

sphere E region, about 120 km. The ratio of ground to magnetospheric amplitudes

is given by

E
H

b /b m - - exp (-hk)

where h is the height of the E region, k is the horizontal wave number of the signal,

and ' H and E are the height integrated Hall and Pederson conductivities of the

ionosphere. This attenuation means that very localized signals may not be seen on

the ground at all, and that all signals will be modified so that sharp spatial grad-

ients will be removed.

The role of the ionosphere as an energy sink is intimately tied up with the

structure of the electric and magnetic field perturbations along a resonant field
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line. The amount of energy reflected by the ionosphere can be expressed using a

reflection coefficient given by

R c2/4r - VA EP2

c 24r + VALP

where V is the Alfven speed above the ionosphere. So of critical importance is

the value of the number 4 7rVAEP/c 2 . If this number is

ing occurs as probably happens at night. During the day we expect this number to

be large which would result in low damping and in field lines being approximately

fixed in the ionosphere. By this we mean small field line displacement or electric

field, and larger field line tilting or perturbation magnetic fields in the ionosphere.

If, on the other hand, this number becomes much smaller than 1, which could

happen if the conductivity of a dark ionosphere becomes very low, damping is

again low, but this time the ionospheric electric field would be large and field lines

would act like a free ended string. Presently, a great deal of theoretical effort is

going into determining how the perturbation fields along a field line would look for

various ionospheric conditions at both ends of the field line. Of special interest

are the so called asymmetric modes which occur when one end of the field line is

sunlit and the other in darkness, which can frequently happen.

4. Global Extent

A major problem in geomagnetic pulsation studies in the 1970's, both theoret-

ically and experimentally, has been the investigation of the latitudinal extent of

pulsation activity. Both the observational and theoretical aspects of this research

have resulted in dramatic breakthroughs in the understanding of the localization in

latitude of hydromagnetic waves, particularly the najority )f the waves observed

on the dayside of the earth. While many nightside pulsations, as well as many

eveningside pulsations, remrain to be investigated and understood, a fundamental

problem in the coming few years will likely he the global, longitudinal extent of

hydromagnetic waves in the magnetosphere.

A number of papers in the last few years have addressed the issue of the

influence of interplanetary parameters on hydroimagnetic waves. In general,

these studies have been limited to the use of a single groundbased or satellite sta-

tion in observing the wave activity. However. it is intuitively obvious that if inter-

planetary processes are important factors in defining the onset, generation, and

continuation of hydroniagnetic waves, then these waves must exist over a more

global extent. Early work by Troitskava and her colleagues sho)wed the influence
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of the rnterplanetary magnet ic field on the onset of hydroniagmetic a aves as 'A Ill

as, f(,r a single event, the global extent of hydromagnetic waves obse.rvd in the

Soviet U'nion and in North America (Texas).

More recently, with results important for the Air Force Geophysical Labra-

tory chain, are the observations of the simultaneous enhancements ,f hxdr,,t ag-

netic pouer ,bserved in the Pc3 band at SANAE Stat ,on aiid at Siple Station in

Antarctica (F.igure 17). These stations are spaced by approximately 3 hr,ils

in local geoniagneti time. Simultaneous .nh~incu:n.rm ts and deprt.ssi,,ns iii hvdr-

magnetic power in this frequency wertr observed. IHowever, little ct elmi, H di

individual waves were observed over such a wide h ngitudinal exthit (slightly .ss

than that of the continental [ nited States, the span of the A.GI. stations).

In addition, studies were made of the changes, around local noon, in the

orientation of the wave polarization ellipses at the two, stations (Barker et al 1 .

These results show that while the orientation of the polarization ellipses changed

around local noon at Siple Station, no such change was observed at SANAE- (Fig-

ure 18). The results at SANAE could not be attributed to induction effects in the

ocean in that no systematical orientation direction (of the ellipses were observed.

Rather, the authors suggested that the plasma parameters in the magnetosphere

changed during the period of time in which the earth's plasma corotated ,over the

observing stations.

The only report on the global extent of hydrornagetic wave control by the Intel-

planetary field was reported by Webb and his colleagues (Webb, et al ll). Fhese,

authors showed, Cor 3 selected days in which the interilanetary field %kas in

the ecliptic plane, that changes of the interplanetary field from a radiall, -,,utaid

to a radially-inward direction apparently affected the overall enhancement ,I

hydromagnetic power in the earth's magnetosphere (Figures 19, 20, and 21).

These problems of the global extent of hydromagnetic energy in the earth's

magnetosphere are the key for understanding a large amount of the hydroni;:.,metic

character of the earth's magnetosphere and are pr(blems that can be addressed

ideally with the wide longitudinal spacing of the AFGI. magnetometer network. Ii

is hoped that such studies will be extended and greatly elaborated upon in the co,, -

ing years.

Another topic of great current interest is the influence 0fl hvdr(,magnetic waves

on particle precipitation into the earth's magnetosphere. In particular, using

sensitive riometers and balloon-borne x-raY detectors in the e ,njugate rcgion, hl

10. Barker, M.D., Lanzerotti, L.J., Hobbins, M. Y., and Webb, I. U. (1977)
Azimuthal characteristics of hydroiiagrietic waves near 1, 4, J. (;eophys.
les. 82:2879.

11. Webb, D., Lanzerotti, L.J., and (rr, D. (1977) llydromagnetic wave ,bser-
vations at large longitudinal separations, 3. Gephv"s. lies. 82:3329.
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level particle precipitation into the earth's niagnetosphere has been observed in

association with hydromagnetic waves. One published study (Maclennan et al12

showed that the modulations of precipitation and variations in electric field (meas-

urements made on a balloon) were observed when the hydromagnetic waves were

localized near the region of observations (Figures 22 and 23). When the hydro-

magnetic waves were not localized in latitude near the region of observation, the

modulation of the electron precipitation was not observed. Substantially more

work in this regard is needed in order to further elucidate the relationship of wave

localization to particle precipitation modulation and to the influences on precipita-

tion of wave localization, including the possible generation of the kinetic Alfven

wrve in the localization region. This latter process has been investigated in

association with the possible generation of sub-auroral red arcs (Lanzerotti et al13).

5. Pidsation Data Analisis Techniques

During the past decade or so we have s, n rapid advances both in the experi-

mental techniques used to measure geomagneic p,'lsations and in our theoretical

understanding of them. Yet there remains an arr i between these two, the repre-

sentation of experimental data, which has lagged behind during these advances, so

much so that much analysis is still done using extremely outmoded methods. Data

analysis techniques need improving because it is in the representation of experi-

mental data that theory and experiment can be brought together, and so receive the

impetus and encouragement they need from each other.

Raw pulsation data usually comprises a series of vector measurements of the

geomagnetic field equispaced in time. The analysis of time series data of this

type can be undertaken in either the time or frequency domain. In the past much

pulsation data was analyzed in the time domain with wave periods measur _1

directly from charts and polarization evaluated by using hodograrns. Originally,

this was due to the lack of digital data, but by now most magnetc :eters record

digitally. IhIwever, even with the advent of digital recorders, many workers still

favor ti re domain analysis ber'ae of the difficulty of representing and interpret-

ing the wealth of' information derived from -;,ectral analysis.

12. \Maclennan. ('.J., lanzerotti, I..J., Ilasegawa, A., Bering, E.A.,
Benb r-ok, J.II., Sheldon, W.R., Rosenberg, T.J., and 3 ttheas, ). 1
(1978) ton the reLitionship of N3 0n117 (Pc)) .lecric, rarrretic and particle
variations, t;eophys. les. L(ett. 5:403.

13. 1,anzerotti, l..J., Ilasegawa, A., and \Iac Ic nian, ('.(;. (19'78) lydrom oge ic
waves as a cause of' a SAIl arc event, Planet. ,pa cv Sci. 21;:777.
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Figure 22. 11- and l)-component Magnetometer
Data from Girardville. Superimposed on the
magnetic data are two components of the olec-
tric field data measured on a balloon at - 3. kil
altitude approximately midway between GV and
I,8. At the top of the figure is the counting
rate in the 45-65 keV channel of the X-ray de-
tector. Superimposed is one component of the
electric field data. All data have been averaged
at 30 see intervals and filtered in the band
2-7 min (Maclennon et al1 2 )

Methods to evaluate polarization information in the frequency domain and to
make objective representation of it have been developed (Samson14, 15). An exam-

pie of the use of these methods to analyze a pulsation record follows.

The Fourier transform of a vector time series, such as is obtained frn a

vector magnetometer, results in the generation of a spectral matrix for each fre-

quency estimate in the frequency domain. This spectral matrix contains all the

information about the signal over a discrete and usually snall langfe of frequencY

space. The problem facing data analysis is how to present the inf ,rmation con-

tained in this matrix in a simple, coherent manner, that makes it readily com par-

able with theoretical results.

14. Samson, J.C. (1973) Descriptions of polarivati,,nl stales i 't 'v ,tr ess5s'

Applications for UIL. magnetic fields, (;eophys. J. H. Ast r. Soc. 34:403.

15. Samson, J.C. (1977) Matrix and Stokes verto" represtntat,.ins oh det ct W's
for polarized waveforms; theory, with s olc ap)plic'atio'ns t ' Ieli-seisl ic
waves, Gcophys. J. R. 54:58:3.
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Figure 23. Amplitude (ir the Magnetic Variations at the Peak of tliC r\ ( W ave
vetasa Function of Latitude (1,-value). Also shown are schermatic repre-

sentations of the wave ellipse orientations and pola rizat itns in the plane ap-
proximately transverse to the local magnetic field. Polari zat ions are noit
indicated for the nearly linear hodogranis observed at GV and SI in the 1124-
1148VT event. The Siple amplitudes (solid dlots) are plotted at 1. 4. 4 be -
cause of the similrities of the ellipticities of the Girardville and Siple events

The spectral matrix can be represented mathemraticallY as a series o)f (corn-

* plex) eigenvectors and eigenvalues. If we start with three cminprinents then we

require three eigenvectors. By analogy with quantum mechanics, each (.r these

eigenvectors represents a 'pure state"' that is a single wave signal with not nolise.

A matrix corresponding to a single wave will thus have one non-zero eigenv-alue.
In the past workers have found the eigenvector cor-responding to the non-zero

eigenvalue bY first dia ginalizing the real part of the spectral matrix, a lengthlY and

co)stly procedure when it is done for each frequency in the spectrum.

This diagonalization can be thought oif as a rotation of the coordinate system

into a system of coordinates -al ignedl with the principal wave direct ions, for example,
o)ne direction would be normial to the planc of pola rization. We flow recognize th~.t

this diiag maIi zat ion is no l ~nger necessary p rovided the mat rix rep resents a "pure

state, "' which is usual in pulsation work. Insteadi the degree of pi Larii/at ion, a

measu re (if how, pure a state the spectral mat rix represent.-, can lie evaluated

directly from invariants of the matrcix, that is, from quantitics calculated fromi the

p ,onmt a r the matrix which do not change -when the cooridinat e systoem is

c hanged. If the degree of poila rizatiomn is high, that is, the mat rix represevnts an

a lmost pure state, then this state can be derived di rectlY fri iii tihe am atr %tiit li (t

any need fir diagtmali zat ton, a significant ci imputationa I saving.
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th , 'ill thro, .< t l c,,ordit'lte. ,l cir ,ns. W .e ctin ph-tur, r f lI [ 111t111%

ing this iitiioil:iti,n l rn th,' sp (trnI 11 t rix b' qwroltinp. n o th tratrix .% ith an

I t)e'ratr ftOrmned f i't'irI t he unit vector in the. di re't ii ?1 f interest. IIlwev ., by a

simple extension ofthis ite-a, %% ctin l1ii w he power in the signal in any given

state" we w ish to choose wkihich can be represented bv a unit vector in our loin -

plex space of states. For examople, to find how imuch power there is in the x dire(

tion %% e would use the vector (1, 0, 0); whereas to find the power in a wave r.irc'ularIv

polari ,ed in the x-', plane we would use 1/-f2 (1, i, 0). This leads to tw(, new p0ssi-

bilities. First we can represent any wave data, whether of a "pure state" or not,

in a nine-dintensi,,'nal generalized space (the nine dimensions arise fI'oin needing

nine oirthogonal vectors t,, form a complete coinplex veetr space) from which

arises the concept of a generalized piower spectrum. Secondly, and this is prob-

ably the most po\%er ful new tool presented he,'e, we can, by a simple operation,

inquire how much po%%er there is in any given wave "state" we might choose. We

can use this to test particular theoretical predictions of wave polarization directly

from the experimental data.

To illustrate this last point the analysis of one particular pulsation event will

be described. The data in question was obtained from Fort Providence in Northern

Canada and is shown in Figure 24. It is the Pc 5 pulsations extending from 1300-

1900 UT which are of interest here. Figure 25 shows dynamic spectra of the power

in the three components, that is in the directions of the unit vectors of the meas-

urenicnt coordinate system. The power remains at a fixed frequency of about

4 ?.\tlz and there is nothing to indicate that we might be near the latitude of a field

line resonance described earlier.

As explained in Section 1. B. 2, the sense of polarization of a pulsation is

expected to change across a resonance region. As a first attempt to analyze the

waves, the dynamic power spectrum was computed in the directions of right- and

left-hand circularly polarized waves in the H-D plane. The results are shown in

Figure 26. There is little or no sign of a polarization reversal.

Becoming more sophisticated, we tried to find the actual state vector that has

been theoretically predicted in the vicinity of a field line resonance. Such a pre-

diction has been made for ground based data by Hughes and Southwood. 16 Con-

structing state-vectors from their theoretical results we computed the power in

the states expected just North and just South ,f a resonance region. The results

are shown in Fig-ure 27. There is a dramatic improvement over' those shown in

Figure 26. First, much more power appears in these states. Secondly, there is

16. Hughes, W.J. and Southwood, D.J. (1976) An illustration of modifications of
geimagnetic pulsation structure by the ionosphere, J. Geophvs. Res.
81:3241.
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Figure 24. Magnetic Variations Recorded at Fort Providence
in Northern Canada, December 3, 1977. Pc5 pulsations ex-tend from 1300-1900 UT (Courtesy of Samson)
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Figure 25. Power Spectra of the Magnetic
Variations shown in Figure 24 in the Meas-
urement Coordinate System (Courtesy of
Samson)
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Figure 26. Power Spectra of the Magnetic Vari-
ations shown in Figure 24 in the Directions of
Right and Left Hand Circularly Polarized Waves
in the H-D Plane (Courtesy of Samson)
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Figure 27. Power Spectra of the Magnetic Vari-
ations shown in Figure 24 just North and South of
a Resonance Region (Courtesy of Samson)
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a sharp change at 1400 UTT. Before this time most of the power at 4 MHz is in the

North "state vector" whereas after this time it is largely in the South "State

vector, " thus indicating that the latitude of the resonating field line drifted North

passing over Fort Providence at 1400 UT. (The dotted contour in the lower panel

shows where most of the power at 4 MHz occurs in the upper panel. )

This example illustrates two major points. First, that this method is very

sensitive to the particular state vector chosen, as shown by the dramatic differ-

ence between results in Figures 26 and 27. Second, that this method can test

actual theoretical predictions easily and directly using real data. It should also

be noted that it is simple and cheap as no diagonalization of the spectral matrix

is needed. It thus makes a very powerful addition to the data analysts' tools.
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C. APPLICATIONS

(Reporter: R. Regan)

1. Introduction

The direct practical applications or utility of increasing our understanding in

a scientific field is often difficult to identify. In the case of the geomagnetic field,

however, and in particular the external field, there are a number of immediate

applications that are served directly by the studies reported at this conference.

Before discussing such applications, however, it is useful to provide the necessary

perspective by outlining briefly some pertinent aspects of the geomnagnetic field.I 2. Constituents of the Geomnagnetic Field

The geomagnetic field is conveniently and naturally divided into three parts:

internal, crustal (or anomalous), and external. The internal field is the more

stable primary field arising in the core region; it is broadscale spatially and con-

tains only extremely low-frequency temporal variations. Routinely monitored by

magnetic observatories, repeat stations, and satellites, it is well described quan-

titatively by mathematical field models, which serve as reference standards for

the reduction and analysis of most magnetic observations.

Superimposed on this field is one of higher spatial frequency arising from the

fact that certain materials and structures in the crust (the outermost tens c'f kilom-

eters of the earth) modify the internal field. Long the object of natural -resource

investigators, this field is routinely mapped by ground, air, ship, and satellite

measurements to aid in the search for minerals and fossil fuels.

The third component, the external field, is undoubtedly the most dynamic,

complex, and elusive. One might more accurately say external fields (plural),

since this component arises from many sources in the complex interaction between

terrestrial and solar magnetic fields and in other physical processes associated

with the solar-terrestrial environent. It is useful to separate these sources into

the broad categories of ionospheric and nonionospheric.

The important common factor that affects all applications (and even theoretical

studies) (if the geomagnetic field is the fact that any measurement of the field is a

composite of these three components. Because of this factor there is a need for-

communication between investigators having primary interests in different facets

of the field. At the least, each must have a knowledge of the other components for

the purpose of removing them to isolate the signal of primary interest. In the areas

o~f practical applications, this comiplemnentary signal/noise relationship is thle basis

underlying the need for a better understanding of the external fields.
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3. Crustal Anomalies and the Search for New Natural Resources

Nowhere is the need for good external-field models more evident than in the

mapping of the anomalous field. As known supplies of natural resources diminish,

the search for new resources takes on a new importance. Anomalies in the crustal

field often lead to resource deposits. However, magnetic surveys are no longer

conducted to map the most obvious anomalies. Rather the effort now is on broad-

scale studies focusing on more subtle secondary indicators of such deposits. Such

an objective demands more accurate measurements of the crustal signal over siz-

able regions of the globe. Up to the present, the development of instruments, both

for direct easurement of the magnetic field and for supporting measurements

(such as positional location), has been the limiting factor in such surveys. Now,

however, the limitation is how accurately the anomalous signal can be extracted

from the measurement of the total field. As the result of the concerted efforts of

a number of workers over the past few years, it is now routinely possible to

remove the effect of the internal field from total field measurements by subtraction

of an accurate geomagnetic reference field. However, the same is not true for the

external field. Indeed, we are just entering an era in which both the need and the

inability to correct for external (temporal) variations is becoming very apparent

(Langel et al, 17 Sugiura and lagan 1 8 ).

It is now accepted practice, when making magnetic survey measurements, to

set up a temporary fixed magnetometer station for recording the temporal varia-

tion of the magnetic field. Then, under the assumption that the measured temporal

variation affects both the fixed monitoring station and the survey magnetometer in

the same fashion, Lhe variation is removed from the survey data. However, there

are several problems with the assumptions made in this technique. ()ne involves

the coherency of the input signal: another involves the effect on the input signal of

the heterogeneous conductivity of the solid earth. These two factors, not previously

treated in a fashion adequate for the needs of magnetic surveys, reduce the effec-

tiveness of this technique and limit its use in routine applications. The most

desirable method of accurately removing external-field effects would be the use of

accurate mathematical models, similar to those for the internal field, to account

for the various external sources. If such models existed, survey data could be

17. Langel, R. A., Fabiano, E. B., and Mead, G. D. (1978) The Utility of Surface
Magnetic Field Measurements in the MAGSAT Program, NASA Tech. Mem.
79614.

18. Sugiura, M. and lagan, M. P. (1979) Geomagnetic Sq Variation at Satellite
Altitudes: Is Sq Correction Important in MAGSAT Data Analysis?,
NASA Tec. Mem. 80248.
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corrected accordingly, and a magnetic anomaly could be defined to be the ineas-

ured field minus the internal and external fields (Regan and Cainl

4. Terrestrial Conductivity

Complementary to the mapping of the anomalous field for resource studies is

the use of the external field signals to map the structure of terrestrial conductivity.

Such studies, which are primarily useful in resource studies and in the investiga-

tion of the gross internal structure of the solid earth, also are useful in developing

effective external-field corrections for magnetic surveys and in determining the

response functions of ground-based magnetic observation. In these applications,

the aspects relevant to the objectives of this workshop are the need for more accu-

rate definition of external source fields and the need for knowledge of conductivity

structures near points where observations of external-field phenomena are made.

Another need for increased knowledge of the external fields arises because

they are useful as source fields; no energy is needed to generate these naturally

occurring source fields. However, there is no control over the characteristics of

these fields, and it is therefore mandatory to have a complete understanding of

their pertinent characteristics, particularly their frequency and coherency

(llermance ). Frequency determines the depth of penetration, which is related to

the skin depth, the depth at which a field of a particular frequency decays to 1 e

times its incident amplitude. Thus various external fields have varying degrees of

utility in the study of the conductivity at various depths, and it is essential to know

both the frequency and the morphology of the particular source signals so that

horizontal and vertical discrimination can be made. Additionally, just as a

knowledge of the external-field signal is needed in mapping the conductivity struc-

ture of the earth, a knowledge of the conductivity environment of external-field

monitors is needed for better discrimination of external-field signals.

5. Long Man-Made Conductors

While external-field signals can be profitably employed in the study of the

natural conductors of the earth, the same physical effects can be quite troublesome

in man-made conductors such as power lines, telegraph lines, and (more recently)

long pipelines. Such effects have long been observed, and they are now routinely

evaluated each time a new type of long conductor is installed. The conductors

19. Regan, R.D. and Cain, J.C. (1975) The use of geomagnetic field models in
magnetic surveys, Geophysics 40:621.

20. lermance, J. F. (1978) Electromagnetic induction in the earth by moving
ionospheric current systems, Geophys. J. Rastr. Soc. 55:557.
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contribute an unwanted effect on the space environment, and they are subject to

unique corrosive effects resulting from external-field signals. This is of partic-

ular concern in the case of pipelines in the auroral regions, where signals arc

large and where pipelines are built because of the considerable oil and gas supplies

known to exist. Part of the Alaska pipeline, a colossus compared to others in the I;
United States, is located in the auroral regions, where the geomagnetic-disturb-

ance energy may be a hundred times that which troubles engineers at lower lati-

tudes. Auroral activity is accompanied by ionospheric currents, the auroral

electrojets, which induce currents in the conducting earth. Such currents are

channeled into paths of highest conductivity, either those of geological origin or

those, like the pipeline, which are man made. The pipline has an end-to-end

resistance of about 6 ohms. It is essentially a surface-grounded conductor,
800 miles long, running from about 69, 30 geomagnetic latitude (at Prudhoe Bay

on the Arctic Ocean) generally southward to about 61. 6c geomagnetic latitude (at

Valdez on the Pacific Ocean), crossing the region of auroral-zone maximum.
21

Campbell made a series of measurements, mostly in the Fairbanks area. with
two magnetometers at 10 and 50 meters from the pipeline. Using the measured

variations of the field, the Biot-Savart law, and expected values of magnetic activ-
ity indices, he concluded that the induced current would exceed 700 amperes at

least once every three years in that area, and even higher values are likely a

little further north. Fortunately, the average current in the pipe is only about

1/2 ampere.
22Akasofu and Merritt monitored the induced current in a local power-trans-

mission line in the vicinity of Fairbanks, using a grounded-neutral line (138 kv,

100 amps), 166 km in length, running between Fairbanks and the generator site at

Ilealy. By comparing the induced current in the transmission line with records of

earth currents and Il-component magnetic-field values at College, it was found that
the fluctuating currents in the transmission line were clearly the result of auroral

induction. on the basis of these measurements and model studies, up to 8

amperes of d. c. current were determined to be flowing in the line.

6. Relationship to the AF(;L, Magnetometer Chain

In all these practical problems arising from such diverse applications as
mapping the anomalous magnetic field, making geomagnetic-depth soundings, and

21. Campbell, W. H. (1977) Average and surge values of electric currents induced
in the Alaska pipline (abstr.), EOS 58:1128.

22. Akasofu, S. -I. and Merritt, F. P. (1979) Electric currents in power trans-
mission line induced by auroral activity, J. Geophys. Res. (submitted for
publication).
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monitoring the effects of induct loti onl ffaf ,iid ndUf to, the 4mr. iine is

fecr better det.finition of the external source field. The, iiiagnvtoeter net- k fr

the International Magnetospher iC Stuldy 1 0 %IS) 0('11I ar AtI t Al12 ) ki s desi grifeI

towa rd this end. Included in this dlesign was the AI FM NMagnet ri et cc NetAs rk.

In addition to the stations part icipat ing in) this study, mnagnet a sr a c - a re

operated by the United States Geological Survey Q'ISGS) throughoult Norfth A roe ri( ci

to monitor not only the extecnal but the internial field as wl.lbTh ISf15 s upple -

ments such obse rvationis by its well established repeat -surVey it (grain, des ignied

primarily to monitor the slow secular variat ion of the initernal field. As ri-pi ted

by Wood at this workshop, the USGS has consist ent lv ma inta in ed id iii pr we(d the

magnetic observatories and is currently considering the establishment o)f ties

observatories in California and Florida.

23. Lanzerotti, L.J., Regan, R.D., Sugiura, M., and Williams, D.J. (1976)
Magnetometer networks during the international magnetospheric study,
EOS 57:442.
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11. Contributed Papers:

Brief Reports

The contributed papers, between 5 to 10 minutes in length, reflected the

same interests and organization of the tutorial lectures.

The first group of papers were on magnetic pulsations with considerable focus

on the use of the AFGI, magnetometer chain. Papers were given by Ff. Fukunishi,

E. Greenstadt, E. Maple, P. Fougere, and W. Bellew.

The second group dealt with three areas concerning magnetospheric dynamics:

current models, magnetic signatures, and magnetic indices. Contributions were

from H. Wolf, J. Siscoe, R. Carovillano, M. Suguira, J. Barfield, R. Sheehan,

P. Tanskanen, J. Walker, J. Feynman, If. Garrett, and W. Stuart.

The recurders were W. Bellew and 1. Sheehan.



A. (.EOMA(,NIIC PLJ S VJIONS

(Reporter: W. Willew) j

Contributed papers on l,'rida' afternoon dealt with current iveasurements of

georiagnetic pulsations with focus on the use, both present and future, of the Air

F'orce magnetoroeter chain.

P. Fougere and W. Bellew discussed two studies of sudden commence.ment.s

using the AFGI. magnetometer network. The study by P. lougere was of an SSC

produced by a very large solar flare of class 'l3. The accompanying shock wave

from the sun travelled with an average velocity of 714 km 'sec. The magnetooreter

chain shows that the resulting disturbance on the earth travels from west to east,

attenuating as it moves eastward. If the disturbance is sweeping across the earth

from the sun it might be expected that the stations would respond in the order of

their distance from the sub solar point, that is, for the case studied, easterly as

observed.

W. Bellew, in a study of 17 SSC's occurring in 1978 demonstrates the superi-

ority of the search coil magnetometer to the flux gate magnetometer both for iden-

tification of sudden commencements and for revealing micropulsation activity

preceding the events. Other fine scale features that can be followed in time across

the chain are also apparent only in the search coil data.

E. W. Greenstadt reviewed current work in the origin of medium-period geo-

magnetic pulsations. Determination of what the correct relationships are between

pulsations and the geomagnetic environment is currently under study by several

groups. There is little doubt that some connection exists between the solar wind

and pulsation activity at earth's surface. The Pc3 amplitude rises with increased

solar wind velocity and with decreasing cone angle. (Cone angle is the angle be-

tween the IMIF and the solar ecliptic x-axis. ) There are two principal models for

external stimulation of magnetospheric waves and pulsations. In one, the solar

wind velocity to drive magnetopause surface waves (Kelvin-ielnholtz), and in the

other, waves forming part of the quasi-parallel bow shock structure are trans-

mitted into the magnetosphere.

Greenstadt suggested five areas of research for further investigation. They

are 1) improvement of Kelvin-Helmholti model in the noon-midnight meridian,

2) development of a quantitative signal model, 3) development of a global pulsa-

tion activity index or "input level", 4) correlation of the input level with solar

wind parameters, and 5) tracing specific signals through plasma regimes from

the solar wind or magnetopause to the ground. The Air Force magnetometer sys-

tem can make significant contributions to the last three areas. One necessity for

improved data on pulsation origin, both for' statistical and individual-case
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colier-ac ies of 1I and D comnpoinent s beta eeu twoi stations. IHIt fo und that thle ni a iii

axis dlirec-tionf swittches ac ross local magnetic noon, whinle the pea Cr int-ns it 'u de -

cr-eases great lY during the afte rnoonl hours. This relationship suggests that mag-

netic pulsatiouns observed near 1, in the daytimne are odd mode standing ocill a-

tio ns of local resonant field lines exc itedl by,, comipressional w aves nrid that the

locat i n of local resonant field lines changes as a functio(n iif local tilue. The

r-esonance regio n or ny he bocated near 1, - I inl the mo rn ing hours, a'hi le it mia-'

shift towardI low latitudes douring the afternoon hours.

E'. 'Mlaple discusserd the pola rizatiomn iif geomagrnet ic pulsat ions and magucti-

spheric resonanies. [hie discussion was based (in data r-ecor-ded at Straaxberrx

IHilII, Nl ass,. , uising induct ii n coil se:isiirs. T~hese data shiiw mari' ioccurren-e S o f[

linear suprerposition (,f pulsation wavetr-ains of differout periods. The piolarizat ion'

ofthe individual w aver rains i-ain he ohs erved by prloper hand -pass filtering (filters

if a rlfutni octave a idlth (can millni i/ superpoisitionr).

St - *~ iulriatiritr-elds if Inany, sect ions tif tht- data show that marry olf the(

liulsat uris originate frCi ix'drorrigieticwv a(-tivity. '[le oiccurrrence of elI ij-

t imi:111 podlr'iz-d i-m ve(trainls pe--sist iriv fori tak u cx'iles oI ' Mou ic, Whir'h constitute

11:111, thn- durta s"1ru1pl" i- :r'aI - - . mici;t,-; (I lriiu a n- %' (' ie act it. y.

I< r- April 18 , 1h' t i ii 'ir fi ar'ti ti rnrs (maint ehianre i f th li-so IM

ifls rilr-auir ii '-ir-,i~ tat iofl) a--ix uiri'las ai fRirctiiur of



period. The peit ,s for peaks in occurrence form a genrmretric progression with

a ratio of 1. 7 between successive pewriods. The data are interpreted as a geometic

series of magnetospheric resonances with a fundamental period of ,out 5 minutes.

The xvidths oif the peaks of the distributions and the short average length of the

polarized wavetrains show that the resonances have low Q's of about 4 or 5. The

implied energy losses presumably occur in the ionosphere, although wave-particle

interactions at higher altitudes may also occur. A large magnietic storm (maximum

Kp 8-) occurred on the night of 17-18 April 1965, and the station was inside the

southern boundar-y of the expanded auroral oval from 0000 to 0600 EST. The large

pulsation amplitudes obser,,ed during the storm indicate that the strong source of

enargy exciting the resonances during the 0000 to 0600 EST interval was different

from the weaker excitation source for the following 0600 to 1230 EST interval.

The resonances were essentially the same during both intervals.

It would appear to be very difficult to develop a theoretical basis for the geo-

metric series of resonant frequencies that has emerged from the present analysis.

It must be noted, however, that previously published observational data provide as

much support for a geometric series as for a harmonic series, A reconciliation

between theory and observations awaits further investigation.
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It. MA,;MITOSPllWRIC: PYSI(CS

(RelKrter: R. Sheehan)

The Saturday morning session of contributed papers in the AFGI. workshop

included three areas of interest to users of AFGI, magnetometer data: models

involving magnetospheric and ionospheric currents, ground based or satellite

magnetic signatures, and magnetic indices. In this summay the grouping of talks

is done according to the topics mentioned above. Although some talks overlapped

two areas, the emphasis of a presentation usually made the choice reasonably easy.

A model described by R. Wolf uses satellite data to obtain the polar cap

potential drop and global conductivity pattern as inputs, from which self-consistent

plasma motions and currents in the magnetosphere are computed. Midlatitude

magnetic signatures derived from the Biot-Savart law prove to be very sensitive

to details of the magnetospheric-ionospheric current systems. Comparisons with

an example of AFGL magnetometer data show some agreement in gross features

but not with much detail. In a similar vein, the complicated influence of a mag-

netospheric current system was discussed by G. Siscoe, who represented the corn-

bined Region I and 2 field-aligned current systems in an unusual way. By con-

sidering the currents as two offset rings of in and out currents impinging on the

ionosphere, the magnetic effect at the earth's surface comes from a dipole-like

source which depresses the main field at dusk. The partial ring current is thought

to cause this depression, but, as this treatment suggests, a part of it might be due

to contributions from other current systems.

R. Carovillano presented a model which calculates ionospheric electric fields
from field aligned current inputs and a global ionospheric tensor conductivity

model. An interesting result of the work is a clockwise rotation of the polar cap

electric field direction as the strength of the Region 2 (equatorward) field aligned

current system increased in strength relative to the Region 1 system. M. Sugiura's

modeling procedure, on the other hand, uses ionospheric potential and conductivity

patterns as input and calculates the field aligned currents necessary to keep the

current density non-divergent. With uniform conductivity, field aligned currents

corresponding to Regions 1 and 2 were found at the inflections of the potential.

Enhanced auroral zone conductivity shifts the field aligned currents relative to the

potential and causes the region 1 system to be the chief one.

Comparisons between midlatitude magnetic signatures and observations at

synchronous orbit were discussed by J. Barfield. lie noted that the two sets of

signatures were often similar when substorms were known to be occurring. flow-

ever, the D component at synchronous orbit can be affected by the position of the

satellite relative to the magnetic equator. His conclusion that ground based
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rrritgrrtrrreter.' at InridlatitUdes "wrill ( good Porsitr to tIrst~rvt ' -, ~r ta, 'A I

suposrtedr tv ai qlulitaitive indeltxing siltlf irrtir(Jtr('er b.ry H. slrt''lrat:. Pisid ,rr

mtagnrttoritr' data f'rornt Fredericksburg anid P ulder, thIe rvsults sirkt-d 1h: lIf

stat ions from a ryidlatitude longitudrinal Sto'were used to describe ruriral /oflt'

magnetic activity, as woiuld be the case with tire AFI''i chain, the hr-al tinle varia-

tion of a idlatitude signatures becamne implortant. The local timle si' tor. near. da'Ani

applearedl to be an armea at a idlat itudes which is least senisitive to aur cral ,o ie(

d isturchances cau:sing AE1 enhlancemrents.

1P. Ianskanen showed a DIS1P satellIite j rage with spectacular I orchr-l ike

tongues oif aulrora1 extending to high latijtudes. D~uring the hour prior too tis imnage,

the AFGI. chain stat ions recorded long perin oscillatioins of perirds rtl)out ;I

1 2 fiir or lo)nger, lie speculated that tire ',scillit i )ns could be i-lt4td to cur-rernts

'an tle samIe spa;tia scale of the large aur11ora1 features. liough hd.grarrs ;r'trrf,,

data exhibit n,nrnteI'Clrckwise elliptical po~lar-iyattiii of increcasing aranplitud'-.

( )t eonsequcnr(-e of ionospheric currents in the polar cap and aut-r-nil /inc is

Jute heating. . Walker commented ai these currenits and the rs-rurrenc, (,f

snrddcr erst r"11tspheric 'arm irgs which affect fihe polar vorteX, a, triaL ill turl raf In,1-

tacts rjhal liarate. 'There is a corrrelatiorr latel -itrtmperat urc change's in the

tat ~, sprhe're arnd A EK, trut thfe fart tlramt t Iltrer a re rnny% strlt,n1'111. '\VtI' a N in-I

a,1hut nxa few st ratosplheric wanrmrings, indicates that other- factors are

irri;vt' sinch as solar pr',on enhancements5.

R esult s ,! c) rirpa ri sons betw een nmid and Iiigh-latitude magnet ic indiecs r

1,%ns'rell J. l-evrrman. When the ratio) of aa, a raidlaritulde index, to Al. is

I ~dail inst aa there is cons idercable scatter which aanrjt neOCessac-i ll- !he att rh -

1!- t~ i1o rracrac ies in deriving the indices. This implies that different m.uses

a atrihut e to the indices. Correlation of hrrth AE and ap with several sr,lav k' ind

iaan,-t ens also indicate that different prrocesses govern tire behavior of AE1 and

tl.In a related exam pie it was observed that woirld w ide 11 cormpronent flurctuat ions

Sn t he rder 4. 10-., at rnidlat itudes a)ft en dir not appear related too subst rrrrs and

firglr-hit r it- magnet ic bays. Such flucturat ions orccur, during nr isv pet riods in thIe

IA I2 F. 1. Garrett used 11 Year's of solar w ind data to sttudy correlatiorns at inc reas -

iap, timie tags hetw ('en magnetic indices and various combinations orf sorlar w ind

lpa rn aete rs . AE showed the best correlation with v, 'Bz in the solar w ind. (a)

the(ohe- hnd Dst shwd the highest correlation with itself, a finding prbJably\
related to the persistence of velorcity in the solar wind. Solar wind pa r-arteterns

involving the IMF (or its variance have shorter tim-e scales. -Magnetic Indires

traving correlations with these paramleters at near-zero lag time lose their, c'orre-

lation rapidly at longer lag timnes.

A final nrote by D. Southwoord, speaking fr WV. Stuart, informed workers that
magnetic stations lcated in Scotland and Finland aere approximately at the same

geonmagnetic latitude as the AFGI. chain. These statioins would extend thle chain

sufficiently tro allow coverage over nearly 12 hours (If loceal time.
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III. The AFGL Chain: Workshops

Workshops were held at the end of the conference for the specific purposes of

integrating the measurements from the new AFGL mid-latitude magnetometer

chain with current research efforts within the wider geomagnetic community and

examining users needs in this regard. Again, the division of interests was a

three-fold one: magnetospheric disturbances, geomagnetic pulsations, and

applications. Each participant elected the workshop of greatest interest for his

or her own work. A questionnaire (Appendix B) was distributed to better focus

discussions, For each workshop the chairman and reporter prepared joint reports

which are given below. In addition, several participants gave individual responses

to the questionnaire. These are included in Appendix C.

The workshop chairmen were J. Feynman, L. Lanzerotti and W. Campbell.

The reporters for the respective sessions were: J. Barfield, J. Hughes, and

R. Regan. R. Carovillano chaired a summary session of all workshops.
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A. WORKSHOP ON MA(;NETIC IISTURItAN:ES
(Chairmian: J. Fe. nmall; Reporter: J. Ilarfield)

The Workshop on Magnetic Disturbances was held at Air, Force Geophysics

Laboratory (AFGL), April 7, 1979. This sumnmary report represents the major

points of discussion during the two-hour session. The purpose of the workshop

was to examine ways in which the AFGL magnetometer chain and other magneto-

meter chains could be best utilized for environmental monitoring and prediction

both in a research and a service capability.

The AFGL chain is unique in that it spans a longitudinal range of 3 hours

at 550 geomagnetic latitude. British stations already exist at the same latitude

which would permit*an extension of the chain to cover 8 hours. Because of its

unique position the AFGL chain provides information on magnetospheric param-

eters that are not readily available from other existing chains. The pi2 micro-

pulsations observable at these latitudes are good indicators of substorm occurrence.

The longitudinal extent of the chain can be used to determine the location of the

substorm current system for a considerable range of universal time. The addition

of the British stations to extend the longitudinal range would be very desirable.
tlHigh resolution data would he needed for the pi2's and the longer time Scale would

be suitakle for the current systems. Also, the pi2's offer an opportunity for

short lead time substorm prediction whereas substormis ran be monitored by the

regular run" data. The east-west orientation of the chain provides an important

capability for studying propagation of magnetic disturbances and is useful in inves-

tigating the asymmetry of substorm and storm current systems. In addition the

prediction of midlatitude perturbation maps could be undertaken. This type of

analysis has been developed by McPherron in his studies of global disturbances.

A number of new activity indices were discussed by the participants in the

workshop. It was agreed that while the traditionally available indices (Dst, Kp,

AE, etc.) are generally adequate for characterization of the overall magnetospheric

condition, additional indices are needed which would give informat ion on processes

occurring within the rnagnetosphere. Indices which could possibly be formulated

in real-time using the AFGI. magnetometer data are: 1) A spectral index giving

the magnetic wave power in significant passbands. The AtGI. data could be fed

through a group of appropriate filter bands and the output time averaged to produce

an index of wave power in each passband. The wave index could be combined with

realtime magnetic data from the G()ES synchronous satellite, to produce a sub-

storm alert package. 2) A real-time Q index as an indicator of the size of the

auroral oval. It might be possible to produce a real-time Q index using combined

data from the AI:GI, chain, the EIMS auroral Ingnet oleter chains, and tie DNISP

satellites.
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I i addiiit I II. It %% as Iti telt th(II aiilat it 11(h sabstriir aIctivityv rid tx being

formullateud l1Y sh,-htliar s Ig I lie- A It' I . 1:t a wI id lie a Vallurihi t'(11 iieiierit t i, the

A E index. T[his iradx %% utid toi It iiily suplemrent AEI. hilt cit ufI)(- generiate n f

near real -timie. At preset l1t ui-iefliriess ()f the AEK ittiex is significantly dte-

graded by thle lag oIf sevt'ia vctaIitt hvt%%fl thie iccurrenc, (If the geitritagnet ic

activity and the pr,'duct iori of thle index.

It was niteli that niagicttImetti idata ffl rohsyniiiit,1itis satellites (utdil he used

to "calibrate-' thle ttbservationls made using thle AVG I, magnetic (hta in dat a, anti

vice -versa. Recent wotrk by Ba rfWeId arid \ ii' Hire i r I SIng o)bservationlS tIf SUb -

stormn cur rent systems fri ir s imult aneo(us satelIlifte and ground itbse rval it rs slit a

that use of data only onl tile griiund or in space leads, in genercal, toI a ilistimet iv

diffe rent interpretation if thre substorni sequernce than that givyen b). thre ct nibi rod

tbservat ions.

It was felt that the data dispersal methlods no%. used by tire A VGI nitaI rk a11it

adequate for examining special events. I ba eve r, the usefulness of' the, net a oik

w ould be much enhanced by the introduct ion t f. a nmoidern corputeri ha sed data

access system. The system should include supporting applicatioln pirogramrs arid

would accommodate broad-based studies. The development iof' such a1 svystel is

by no means a small task, but thle resultant increase is the accessibility of the

data would perm-it studies to be undertaken that would otherwise he imlpoible. A

strong interaction between the AFGI, niagnetiinieter chain plersonnrla aild tihe rest

of the scientific community would greatly enhance data utilizat in~. 'fils inter-

action could be accomplished by a number of mechanisms: retaining (itutside

scientists as consultants toi A FGI, w% itir access to AFGLI computing services:

visiting scientist prograrms; summoer study programs: and I)rgani/tatili ttItf wt(rk-

shops to attack specific and well detfirned unsolved scienti fic r lbers.

Concerning plans for g round mragrnetormleter tnet works in tire pi 1st -!U\lS perciod,

the group noted strong concern o~ver tire possibility that tile M1IS iagretmeter

network will be terminated at the end (if 1979). The ursefulness (if tnlagretomleter

network data is best demonstrated by studies comobining netwutrk data with satellite

and other correlative data. This process takes a significanlt amlourlt ttf time, sit

that the netwoirk is only now beginlning to show its pow er. Tile lrotllenI of tile

delay in combined studies has also bieen compounded by the fact thIat there is a

significant time delay betv eern collection of the data and its general ava ilabil it v.

It wa-s also noted that there was a prilem with lack of acknolwledigmlent (if' riste

of the data by scijent ist s. Whiereas thlit data is beginning rlo\a to he 1 used, t be

Washing)tin a genrcies ar nol t aware (f it urtlits s 5pec ific ackill w ledgiritit 5is made.

In additioln, conatinuatioln (If the iietwllrk is, irrilllrtant foi- futureC studies: it is r1at

feasible tol take data for' only speciail events, since if is nrll knllwtrI N-tilI'Ch:11an lNhi

the inttertsted etvtents a re voirlg t(Illwe r.
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Th discussion then centered ofn two hurdles to continuatio)n of the IS ntt-

work: NSF is somewhat skptical about continued funding, and tile satellite data

system that relays the network data is a temporary arrangement, and it might be

necessary to timeshare a commerical satellite -TV channel in order to collect

the data.

It was agreed that the two problems would have to be addressed and solved in

order to continue the network operations. However, the group felt that those

problems were outweighed by the value of the network data. It was noted that the

network system is only now achieving 95 percent efficiency, and that after such an

investment of money and effort, it would be a great waste to shut down the system.

The following projects will need the support of both the IMS and AFGL magneto-

,meter networks in the future: SCATIIA, MAGSAT, DE, OPEN, POLAIRE, ISEE-C,

GEOS-2, DMSP, and environmental monitoring.

In conclusion, it was the concensus of the workshop group that the AFGI.

magnetometer chain represents a unique and valuable facility for environmental

studies. In order to most fully realize the potential of the AFGI. data, AFGI. must

interact strongly with the scientific community to ensure exchange of information

and ideas. AFGL should establish a data base management system, so as to

assure choice of a proper format for the data and easy access to it. Having done

this, AFGL. will be in a position to provide a critical element in the V. S. and

global environm(ntal monitoring system.

Attendees: J. Feynman, Chairman; J. Barfield, Reporter; S. Gussenhoven,

W. tlall, J. Joselyn, R. McPherron, V. Patterson, R. Sagalyn, Al. Shea,

R. Sheehan, G. Siscoe, W. Stuart, J. Walker, 1R. Wolf.
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* I ((:Iairiian : .L ILaiezerotti; R~epoirter j1. 1Iitihf)

pii kl tld (ltSCUSStI'i icitet l ii ut ~i ni 'i( s: 1) ()rW,,iflt/:itiudt and pr-(.iiiitat tuuf

,I it th Al-I. ntet'uuk ilatz, 2) Spteuific - s u'iaiuh p tiw ts [ut- %i( h the A]- (1 nit -

%%iwk W oi h e usetuI, At) A pss ile hul )% -iu-ip hii-hiu Iw held six niuiths h,

viar Crint tizind 4) he -it rtvs-1 he paui-t i1 1 iits Iuliinii if)1( I III( he nit~ at

ITe 'teais rai-di III the dit;itts.-i1l )I Ihut ( liii ,, iit a!I il tuujItiS ailt- u- I CI- ill -
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are relatively rare at midlatitudes and can sometime s be seen ,,r tile dilly, ll.{pitl-

graims. Stuart pointed out that the "typical" pulsation at these latitude-s has a pe-

riod of 90 sec. and an amplitude of 5nT - Pi2 at night and Pc4 during the (lay t ime.

The method favored by most to covevt the longer period band was to plot the

search coil data, averaged over intervals no longer than 5 sec. , o'n a compressed

time scale (12 hour or daily plots). This has the advantage of being easy and inex-

pensive to produce and quick to scan. An amplitude envelope would be visible and

since the natural geomagnetic spectrum weighted by the search roil response pro-

duces a maximum response in the Pc:3-4 frequency range, a large envelope would

indicate the existence of power in this band. The disadvantage of this method is

that only the existence ol activity can be determined without any clue of the fre-

quency (or type of wave. A second method which would overcome this problem

would be to plot high pass filtered flux-gate data on a more expanded time scale,

for example, 10 m in / inch. This would allow much more information to be gleaned

directly from the plots, such as wave period, amplitude, wave type, etc., but at

tie expense of a large number of plots. This could effectively be done however if

progr'ams existed to filter and plot specific data intervals at short notice, with the

possibility of doing quite extensive intervals.

There was less agreement about either the need or method of producing a
higher rrequencly wawe index,, which could have been because there wkas no "IPc1

buff" present. A plot indicating power at frequencies greater than 0. 1 li would

seeni to be most popular, maybe produced as one plot per day.

There was even less agreement on the need for further routine analysis or on

customer service analysis. Lanzerotti likened the problem to that of a satellite

experiment principal investigator who has an obligation to produce a usable data

set fur the scientific community, but should not neglect his own science to do this.

Sams(,n tioiik one extreme view and would have stopped at stage 31 above. 1hm -

ever, mist people (including Samson) felt that the existence of a standard set (If

analysis programs is essential for both in-house research and outside users.

l'Thse shuld he standard programs with variable input parameters which can he

chsen at the time or use. Such a set should contain a spectral analysis p' gram

A it h data sam ple length and frequency resolut ion to be decided by the u ser a filter

pi,)gr'an with cut-11ffs and or pass bands selected by the user; a plotting package to

l h ew hi raw data, spectra and filtered data sets tii be presented visually, on

scales selected by the user; ant iher m(re specific programs which depend on the

lir(.tiln If research at AIF;!..

QuestiI s akere a isiI l% several l)ten ial users of the data as to w hat they

Ial e ixpet from A Fr;I.. \% hat, frr (xaimpli, should someone do whioI is interested

in scanning 1i r(,nths )' data to a specific s(,rt If event of interest to him ,

%.,uld smicfn be ;ihlu' ( , th is fr Ilill at AIl;. and send him data for lust tiese

1;4
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events; would he be able to come to AFI, and scan the data himself and could he

expect to find the data in scanable form, or should he request all 6 months of

data on tape" V'Wuld data be available at, say, 5 or 10 sec. time resolution) A

specific problem was raised by Greenstadt who receives money to analyze this

data from another Air Force agency. tie asked at what point in the analysis pro-
redure should his agency start paying foJr the analysis. Most of these user ques-

tions had to remain unanswered in spite of the presence of both Fougere and Knecht

at the workshop, largely because both manpower and financial resources were still

unknown and because the volume of such requests could not be assessed. Users

were asked to submit specific plans to Sagalyn, at which time such problems could

be dealt with.

2.Sitk'ifi" Research Projects for %,hich the XFCIL Network Would he Useful

Several specific resear'ch pr()jects were proposed by members of the workshop,

and are presented in outInie form in erder oif decreasing detail with which they were

suggested, and the interest that they raised.

a. The study of Pi2's - It was clear at the workshop that Pi2's are Voing to

. e extensive studv in the next few years. Pi2's at'(" impulsive wave events,

seen clearly at niidlatitudres, and which are seen best near 2200 ILT and well tover

1he whole night side. The\- are associated with electroiet intensification (Sanson)

which is not the samn' as aur,,ral breakuip (Southwo)d) but they do mark the (,nset of

the expansion phase ,f a substorm ( Fukunishi). The use (if Pi.2's as a forecasting
tool or sUbst inl pre'urser" was taised and discussed and Babcock indicated that
the Air \%eathe r Service %kas "watching with interest".

'rhe A FGI, chain makes an ideal network to study midlatitude Pi2's and their

relations hi p to midlatitude bays, and to study the evolution (f individual Pi2 (vents

ver the whole night side, especially if it would be used in conjunction with data

from the stations of Stuart's U. K. network at the same latitude. The relationship

between Pi2's at midlatitude and high-latitude phenomena with a view of its develop-

ment as a diagnostic should also be studied. This could either be an extension (of

work at Boston College or a separate project.

b. Solar wind ground correlations - U;ieenstadt indicated tilt, ol ntial of the

A.GI, netw,,rk as a series of ground statins t() use in corrielating ground data a it h

solar wind parameters. '[heir position hbhw the pla smapause adds grr'atl, 1(t the

stalolity" of observed pulsations. In particular ie invisaged a study using solar

wind data from ISE 1 or 2, and A F(il. data. The study should try to develop an

"input index" for pulsation signals entering the magnetosphere and other pulsation

inldices.
c. Magnet sphere grt'und corrcclations - '[he need to study, statistically if

p ,ssilhle, the c r'relation between satellite lobservations of pulsations in the

G 5
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magnetosphere and observations on the AFGL network. lBoth ISEt and the (;)ES

SMS spacecraft were suggested, though neither is ideal. The ISl:E orbits should

be studied for times when the spacecraft are conjugate to the stations.

d. E-W variation of pulsations - A study of the east-west variation of mid-

latitude pulsations, both as a function of frequency and local time was suggested,

and mef with some enthusiasm.

It was also suggested that several "special" events be selected for detailed

study. This was generally agreed to be a good idea as this usually leads to a much

better physical understanding. However, a full discussion of this topic is left for

the next section.

The lack of local expertise in the lore of pulsations led to some discussion

(both inside and outside of the formal workshop) of the best way of undertaking

such studies. One suggestion which probably merits further exploration is that

studies be undertaken at AFGL with the help of an outside expert collaborator.

The collaborator would have a consultative role. fie would be called in initially to

outline the project in some detail, and the work would be started at AFGI. The

collaborator would return periodically at, for example, 3 or 4 month inter-

vals to assess the progress and results and to suggest new ways to approach the

problems or overcome existing problems. There would also be close contact via

mail or telephone between these visits. In this way AFOL would gain expert input

and direction for its projects; the collaborator would gain by participating in a

research project which he otherwise couldnot undertake; and the project as a whole

would gain from the AFGL analysis capabilities.

3. Special Events Studies and a Second Workshop

A substantial part of the discussion time centered on two related topics, One

of these was the selection of specific events for a detailed study and the second

was the desirability of a second, follow up workshop with a very specific brief.

One of the results of the IMS has been the organization of workshops to coor-

dinate the study of preselected potentially interesting intervals on a worldwide basis.

The intense study of a selected event can lead to a much better physical understand-

ing of the physical processes governing a phenomenon. The workshop thought that

the AFGL network data should be used to study specific events and several potential

intervals were suggested. Recently, at a IMS workshop in Tokyo, five intervals

for the study of pulsations were selected and discussed at a round-table discussion

chaired by Professor T. Saito. It was felt that these events should be studied

using the AFGL chain, with the aim of having results ready to be reported on in

Australia where these intervals will again be discussed at an IMS workshop. The

intervals are listed in Appendix A. Trwo other specific intervals were suggested

by Greenstadt and are also described in the appendix.
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IV. Networks
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A- AIR FORCE GEOPHYSICS LABORATORY NETWORK

The seven-station magnetometer network of the Air, Force Geophysics Labora-

tory is currently in continuous operation. Five data-collection stations (Newport,

Washington; Rapid City, South Dakota; Camp Douglas, Wisconsin; Mount Clemens,

Michigan, and Sudbury, Massachusetts) form a 3800-ki east-west chain at 550N

corrected geomagnetic latitude. Two others (l.ompoc, California, and Tampa,

Florida) are separated by :3800 km at 40°N corrected geomagnetic latitude. The

principal instruments, identical at all stations, include a three-component

saturable-core magnetometer to measure the surface field and a three-component

induction-coil magnetometer to measure its time derivative. Sensitivities are

about 0. 1 gamma and 0. 001 gamma-liz, sampling frequencies are 1 and 5

samples per second, respectively. The data-collection stations are not manned;

measurements are made and processed automatically by icrprocessor-based

equipment at each station. Stations are synchronized and controlled remotely

from the data -acquisition station at AFGL in Massachusetts. (outbound control

and inbound data-return signal, are transmitted on dedicated commercial voice-

grade phone lines. Signal propagation times to and from all stations are artifici-

ally made to be identical, so sampling times are simultaneous to within about I

millisecond. Forward-error-correction techniques are used to, assure accurate

data transmissions. Data from all seven stations are processed and archived in

near-real time by a dedicated minicomputer; values of the field and its time

derivative are available within 20 seconds of the sampling time.

Although this network was built to provide realtime data required by the Air

Force, and its completion during the IMS was largely coincidental, it is a useful

new research tool. The last station to be completed, l.ompoc, California, came

on line in November 1977. Figure 28 shows the geographical locations of the

network stations and Table I gives coordinate and installation information. The

three-letter designations shown for these stations are those chosen by

Dr. van Sabben for his standardized list.

one of the principal instruments at each site is the three-component fluxgate

magnetometer. It is actually three separate single-component magnetometers

combined into one instrument, sharing a common power supply, electronics, and

instrument housing. The instrument utilizes both coarse and fine feedback coils

which produce a nulling field at each sensor to cancel the ambient component field

being measured. Current through each coarse feedback coil is incremented in

units corresponding to 64 gammas until the field is nulled to within ±64 gammas,

the range of the fine feedback coil. Current through the fine feedback coil is the

processed output of a sense coil, which results from amplification, filtering to
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Data ACq.s,t,ua Stat In

AFGL Bedford MA

/NEW -

Newport WA -AL~i

RC~t O\U
Rap* \t SIDPSU

'CDS Sudbu~ry MA

LOC\ ~ *....zo Mt Clemens MI

Lompoc CA t"'

Figure 28. (ieigr-aphical 1,ilations (Ifthe A F(;l Neta ark Stations

Table 1. LoIcatio~ns af the Data (Illlectilo Stations

NStation Ge(Imagnet ic (;elaplu

SvioNae Coor-dinates Coolrdinates fIlvei-nrnent

NpotnOfie N Lat E raong N I at W Lo~ng Installation

N LW 55. 2 299. Gi 48. 3 117. 1 USGS Newpat
Newpo~rt, %VA Gel ph\S yi cal

I)bse tx-at I (c

RPC 54. 1 :317.3 44. 2 103. 1 I-:llsxkol-r
Rapid Cityv, SD Air Frc Base

CDS 58G. 3 334. 2 44. 0 90.:1 Valk [Fill
Cam-rp Douglas, WI (Nati''lial Guar-d

Base)

MCI, 55. 8 :344. 8 42 i 82. 9 Selh-illge Air-
Mlt. Clemens, MI Natio~nal Guard

Base

SIBJ 55. 8 1.9 42. 2 7 1.3 Armyi Natick
Sudbury, MIA l-3abarat tli'

Annex

L.CC 40. 2 :300. G 34. 7 120. G Vandenberg Air,
Lomnpar, CA For-ce Base

T PA 40. 7 :344. 9 27.11 8 2. 5 M\acDill Air-
Tampa, Vl, 1211 ce Base

7:3



pass only the des ired frequency, and dem(oduhlation tio convert the am plitud e toc a

de currtent. This cur rent is proporional ti thle remnaining fielid (not nul led by" the

icoarse feedback) and is directed through the fine feedback c-(ii to make the total

nulling field nearly equal to the ambient com ponent field. The magnetometer ,ut-

puits are the analog voltage, which p)roduces the fine-feedback current, and thfe

binary count of the coarse-feedback steps. The fine output is low-pass filterod to,

avocid aliasing which might otherwise result from thre low sampling rate.

Each of thre fluxgate magnetomneters meets the follow-.ing pe lrformance spec iri -

catico,-. "fhe fine-feedback sect ion, with a dynamic range of plus Land iminus ;4

gammas, has an output sensitivity of 1IN mv/gamma (that is, a full -scale output

of10. 24 volts, pos itive ornegative) with f ull-scale acrc,(f0 Ggma
The out put filter is a low-pass two-pole Butterw orth type w ithi a -3 dh corner at

0. 3 Hz. The coarse-feedback section with a dYnam ic range of -6;5, 6336 to 635, 472

gammas, has a sensitivity of G4 gamimas/step (that is, a full-scale output of' 1024

steps, pus it ive anid negative, with the first positive step being zeroy field). Tlhe

output is an 11 -bit binary nuimber (including sign) indicat ing the number if steps

incrcemented. Accuracy is 0. 2 perceat at full scale positive and negzative, with a

deviat io naaot exceed ing 1 gamamiia from01 a st ra ight line bet-wera full -scale values.I

Temperature drift is less thain I gamma 'C in both scale factor and] zero-!'ield

accuracy. The three coontent sensiors a r,( aligned tii w itiiin 0. 5 degree i f o rth -

ogcna litN\ and ate mo tuntedl ina a single hiousing equipped w ithI leveling sctrexs and

httbble -tYpe itndicators.

The second of the princ ipal itistcttaeni is the three-ciponeatt sea rclicoi

iongnetrni ete r. It consists ,I a separ ate senlso r unit for each ol'c the ilhtee c(i mpci-
nents and a single electrc icis un it. Variat ions in tlie miagnetic fierid dli dt induce

a proport ional voltage in a 1lag siolettoid wioind coi a highlv permeable coric. This

signal is anipl ified and filtered toe- colapat ibilit wit the samplinig sy'stemi. The
sensor ni it rim prises ahitfit :30, 000 turns tin a laminated mcl-riilivcc cc.

A FatadayN shield surrunds the core and winding, atid an cuter jacket of PVC pipe(

and endcaps encases the entire senscor unit. Iw o leads fromn thle sense a itiding atid

line from the shield ace connected I1 cables to tihle ecet roic s unit . In the fre -

quency range of 0 Iii 5 liz the sensoir alone has a seas it ivit~ o f 137 ! Icli( It

ganlra -Hz. The widn has 1, (605 hers, R 438 ohms, andi C 1:3-)0pl
fa ta d s. Fou r gain settings ate selectable Iin the !nip1lifier (ab(ut 1, 10, -A1 and

100 times 1000) to prtovide ioverall instruecment seas it ivit ies of ala 'ii 0. 5, 1, 7) and

10 volts gamnia-hhs. The outptut ilter is a foitr-pille But terwothl type which plo-

vides an essentially flat respodnse from 0. 001 tii 0. , If, / t,( -3 (ib pint is at

14 11/. and the -10 dlb pint is at 2. 2 lf z. The -A d1 point ,f the untfiltered output

is at 350 if/.
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It. CANADIAN MAGN ETIC OBSERVATORY NETWORK

'The Canad ian Mlagnet ic ( thsei'vah ii" Net ii (ik consists (0' 11 obserivato(ri es.

'T'he loc'at ions I' the obsri vatoi ies, t heir r met hod oF riecorid ing, and the, date at

whfich data commrrenes are given inl biable 2.

A digitally recird ing m agn'torete r system) (ANIQS) is the- primiary digital

recorder at all lte C'anadian observatories At itlr the exception rd* Nl(ll 1 .a Trhe

A.d( )S records values or the orthogonal comoponents of' the field and total forice

once,( a minute )in magnetic tape in a buinrat1 ithilih ian he read rlIIOCecLv h.% Colrripate r.

0epending oil the orientation oJ fih sensrs' tire Compuioents re('irrli'i rrrriv Iw citirer

D) (dec lination variation in anT), 11 (horizontal intenisit\)1 (etia ir MCTIOit, or

X (niorth), )r (east), and 1. As of'Jtarai 197.5 Alt. IS at all sites rcord -N,

Z, anid I.

A set oF three comrponrent standard-con lioska var'iireters rt'i'urrirrg the N,

,arnd Z or- fl, D, and 7, conhlrrrits of' the' i r'tfi'srrrigro'tic f'ield is the piiar'v

rec~o'rter at %loulrtBa and pri(vidi' an inklepwinr.l i'n nall P r- s-axcii all
Riesuolute liaY, (ittawa, \learri-k, and \'ictiri. lire true scale ! ltre luskaI
oragnetograurs is 201mm0fihr. TIlrc trour irrks ait all rolscr'viio s arie initiated

,n the hour h.r a crr'stal-crontr'iled ilick rirnt last Cot alrpi \iri;itelN 1.) to 20 s5cc-

'Tre thIrec -rorrirent Cduxgatc' rtucgricttr r' usc'., tIx ti A \t( pvk rr'o%-i'

coit muntis traces o)I NX 'i arrd 7, on) a st itr (trart riec' dir at ;Fl Ak )s star irils.

lilt si'al( chart senlsit ivit\ i s nrri(I i Il 1\1000 1ri' 2000( iii' a i arit ,rrar i rt \II it ii(

tr all, s('nsit ivitx' at times "I' large mrrip i i sttrurirri'i. 'lhr chairt is 'i'e rii'i

-it 2(1 rrrvin' . 'lhe chart also prrica ti's a visual rrrrticatiwrr 'l rrrarl'tw 10'+

ci )nuft 6i rrs.

rrp 5stseri nIt ;ll AMO( S sites.

\t ii' ii rqriis 0'rii, ritu'nrr- runt tiil rr'aril itia1,, urn a rri r~.r

iiri rrs esrutrrrp uiitsit'. ('11m(1:ir i Iri ruitina tirisi'unin dzl li'it I' -:1:

tjr"ril mini's niri' I't > 'riii the A 'Fr)' - o ni w Fi'11 ,r I ' .ct urrrt (plr I.

'',rrrira m I ''2ini5 i (r)'' ()11:1 , i 'i'r 'i inc A iii ;ir, r ipc io' t

* ' I terr' r' i'rds ti, rai I ,I ii r 'rkA. t i t aIa. Thc l ie ~ l 'g tI ' a '' r( lered

1is Ill', twt i 1- 'Ip i ;ittq' a1 10C ''11-1 1)r 11W ,I' 'r t I 1 urn i F. Si iii arklv

Itscni' u ikiri'cr'ir' ri set i ()ItIakNt 1-~r IIl r'urriilu'rr g at tue treurillirg it elii't

7(,



111If IttfIi aInd 'tun l IvIag'' toter's to, tlt, per'id afttr tto ei'oi c( (IrIg pirir I()dIII

it IoIlt It .

'Table 3I liStS Lit' serViCeS available and~ the'ir' 3liptoIiate (,is. P1ioes tend

to he flexible; the actual cost tri, on o,'r'asiot vai'v 'tom that it lo1ch han, beenl

qJu ted.

Addtritiotnal itiftoirat itt ria', ht- btained h1w calling tit(- Getrragr'ti itscva

totI -it' s Sei ,ti at 1 f19 5 -l.54.

A riber of temporary magnetic variat iIn stations ate( (,p('i'atirrg itt tilk.

Min ith la, no Irthtw est en (l Int ar Io, and( Kee(-Aat in i Dis t rict as pa rt I If the I ntirnat II nal

Ml agnketosphe r c Study' (11\1 S) w hich runs from P71 7-19 7. 'Ilie fiuxgate m.ila griet I

metecrs a It these stat ions mecasuitre the( thIirec Io i'ot p tent s ,of t he ea rth')s n magnet u

Iield. The signals were recorded onl charts in analog tor'Il11111 mi 1i itber'J 1976

%% iron iigiti tape rec'ord('rs were' installed at most III the stations, laitr iii

l'h'ccrtibel' 1977 - a r-adio) waks addedi to Some( of, thelk magnetorirer (-Ir rea-ll-tim!11' tie -

r!et rv (,! thet data. Thiese' teal-timeit dat a ate ava ilable tie( II'11, trig la:y, %hlc, tie

arialIg arnd dligital data are, available alfter ievcral riittls. 'liii's,' rnragrreti sta -

ori,,IIs, t hei r gveg!I';iaplicI and gIeom IIagnet ic -Iooi'diat's, t he ty1'pe 1* r''.r Iler'I t I I

lA;.\,I ai'n'trprn r lirt- station, anti tire- data rntervrrs aire listed rrr 'lth 4. ,e4

ral , Iiiairrl IS 4 h it'nt, n' 1it:r are adtn it iorrrl IN, 'err' no tit i r -11 'i- ' i

iiritateri. Idr'ier liagrictli v'ar'ialn stattions, which we(I'(' als ill tie. \lktithnk aind

i~ee',% alt it '1r ;1tirt fr' % wii'i data are available are alsoi listed ti Fable .). 'Hei'I

ill' gaps in -ml' r'a' daita atl all tiagnecti' xar'iatioolt statirirs III ;m-~ 0 irisI tu-

r:itntall fatilres ' h iil ta(e 'WCr'trid I'rt M timle to) timel(. Nf char'ge 11 1

("p raig, inst itrti ns ti the insi' of' pirrt research pr'u'.ects. Addit 'tr;l] '-letils

arilk ;r:1riirI re trim tfie 'llimo Variation, Aur'ra a rl Inductinn Studies Sc(t iir at

'Th in itta1,1 r:> l' tire datal is a rnagrictrtgratn k hich rinsists 0' 1 1plot o.' ti'

itt '''jr~i it(1)), aimd Wtttia 7) crttrpnnits ri4 thre unainitti Ijeti

al- S ) a llti i a t1 W Olit ' wi h is indin rtii h.\' 11ii lA ma '', r ks iii i t tc 1li gnt' gin: a

'les'e~gn'gr;n ;itt ;IvnrI1;Ih~ lns i'itfhtr .7 t5 1111 11iri(,,Jl' lit pri's ,I the ig

rFa r ciii'd, .Is v s 'it 1 2\ An rii''i Is AseIo ni ll I 0 th diir t Igti is

tiehe n-titlttn i: ri tnle'', 11 i is- dinftc It' Ifother( dligital datatil at;

dligital t;ITti tit tt' tnt1 ' :11ot, ni' i' it itislorriatlY jt1IMilti'11i a roitnetsi-

;itrt r'eqit'5t 'r' igtir'; is.','~- tillriiralIN' n'', a sjolr'Ialt'ge tn tIlhe p'in g.

A tird 'I'ratl 0' ti1, ;ittniLn dat, istiit ''staokil'' tagnlttgr:is frii thei statlins

'.%Ilh(h ii','t tint-tintl, 'lnta. liis, mlrntretograrns :r( 'lw'' risInittitin

titan the' s tani ;iv ii n; rt. an kimt ; re- si i tlt, f1 ',I a cqo ok in ik it t IWi listLa 'ha re

tilve at 'I :111rIiii'i ofI - t~iitTs. (nst (d ';r nitigrielograr is $2. 001 antd that of ; nim r,

filint Is $10. 010.
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11 Ltiittt I Ia tdl I Ir I~- n t ft r I. il -sh it (,tto r c r (t si a I-( ava I hIlI, I itn t t- r t it

I I. Liii 11 t I i s 'kC '11 si Ii I ;d In tt1 :0v Ilt Itel :!% ' crh c Ii -w dauta. ic T i

i-tcittti i 'I'i'a).le ill, t ato lO-settifiorta ati %N atd ti, te - ie 'A tilt 10

a ! ,,1 s tibt A t hi i ro a itt ite tita -b eii tisiing a t 110 -iiii'400 it -,rd .A ''ii'I-

-. t,' 'Lin zitl' P'lt a tha, h atnel d.-Witel ths at tills( attil1 Wt aSII lable

:Iptl'r i" II i ttttlaI ti iSttle('D(huri% (1)w I . IA ' i I t iirw ig 2.) ,M stat ins -

f I t ' t . (i 
2

I)Ii 5 dzi\ l: i in'tttj , I si t ti piduaittaI I W tM ' -A.t s t oft'v tit' ad l ge It tag eIi

'it' iLi itid' Iitx te iailt( ixh stc's wl Ilian el lies 1".tagntI e tt in

at' ,'t i'd tt i ilt~k 'ill , : t m d 'iiiiit Iyap tithlli i it letr, ;t-, s iid\ the lt-e

a hi l ist I t'itt'' Fi.-( innii in t tee ifji

:1'i.I C "t ekF.,nn t1w1)--)wi (lataliu and tervie Fir stited n-i~in f51

;eit !I ,I, I gnelI i t ilt t (I 'itvn i' a 'anpIlt t \' i itte an t 0 r 001'' li ii v% Ie-I-aLs,'

( naa,1( t'S -a iiV, C 1~sc teeenI aac (iThesei ('anatil~ KIA (1Y3.
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Table 3. Canadian (observatory Data Services and Costs !.,

Types of Data Description Time Lag Cost

Analogue records -hard copy of magnetogram 3 weeks $2. per
or plots of digital data; magneto-
digital data are instantaneous gram
values and not electronically
averaged or filtered

-microfilm 8 weeks $10. .1100
feet roll:
minimum
charge $10.

One-minute digital -1 minute digital data, no I month $35. for
data on magnetic baseline control first file
tape which in-

cludes cost
of tape;
$15. for
each addi-
tional file

-1 minute digital data re- 4 to 5 price as
duced to absolute standard months above

Hourly mean -provisional hourly values 3 weeks $10. per
values and ranges from one-minute data with- data nionth;

(paper copy) out baseline control minnimum
charge $10.

-final hourly values and 8 to 13 $10. per
hourly ranges with baseline weeks data month;
control minimum

charge $10.

-monthly and annual means 3 months $0. 25 per
with baseline control after photocopy.

year-end

Hourly mean -hourly-mean values for $60. per
values and ranges values for Agincourt and station
(magnetic tape) Meanook from 1932 to (includes

1966 with baseline control tape)

-hourly mean values from $35. for
1967 on first file

which
includes
cost of
tape; $15.
for each
additional
file.
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Table 3. (CaniadianiIdi, (Aisi\ l)ata ),I %I, c' aind (iis 1tirillftd)

Type of Data lerp nTilm. Lag Ca(St

-houri> rangk-s ti-a P47 -n as above

a Id ;t. j lIn'

K-indickes -n ilark \1'a, I wek mn
St. J.hrils, itia;ial

N~~ziL!I~ka i-:i- s1,P v i afte ci it' aa ad

,e vIi %-, Issued e~vrv
I liti- A ecks

-Fidhl., -iup Sunlmrvic elf lh - nlhnv(

st.iwcd :11:iretc I ct it v at
1 ,tI'A aI (A)SVi'VZOAt, ISSLuei

evVI' , hi-c %%1 ceks

Hapi'l--ui F iart -varmIal tinie base digital F $0. 25 per
data in chart timrn availablo photocopy
(n ieque st frw n (AItaw a page
ohs erivat (r'v
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Flr' riagretr'r't' rrriry rirfrnr('rI i I bqr I,' h(. Inst it flit, dt t;i. 'g I (,, I

Sc'iein'es (Ir;S) t,'vxcd ! rr nral i'';irtal -S Ijarl. i 1 :-0:0ntI rc 1W] aiet'i ill Il(-'11

since' 1970. This V,K nirriax\ ,xtt'rndedr fr-rii Lriirk (1II:. 8) to, Harlandi 0I. 2. -1)

wit h thu( add it ioi ii' nI stit Ii rII at \'alIrnt ia , I.: if.(% a ppirox' rII at (-I I 10,\ 0  I'I tt he 1::,Il

N -S l ine at 1, 2. G. Thiis a r' raY 1)a.%ple iei ltli(a i)i,'ria l~ iri~r

pair I o stat ir)ns St. .A ituI ir, Newk luotit I d I;fil dit. 0), a t a I nII lia\ , A IIta ;Ir t ica

(. 4), which ark, geriuagirtirailly GO"W 4 the, I'K.

Fori E\IS the( Ilragrictomer(tf'r s f the( IiS airraY itt'rc up~graded'i h% tic' rr I uisiolfir

digital irecrdiing il icassettes nunl tihe ann ft li ,I Stat iois fIrl \'csterln Lai1r''pe A li 11

Acere 10reate d tri e'Xtcidiii an ilnteirsitfv irl. e t ik' ( fr-riavc. lh'sites, of cupfid im

ilrrthueiri Europe it 'r 1eirselr ti, irfrt jrrrincanye ill i-ii~jriiirt ira ith the( jilarini-r

Schediule iiif i;E S 1. Tahble a tists thei n-tatio~ns used at vai i,,u. tiis sititi l"75 'Ant

1Fictlre 3O shows a rirap III thre stations , ir-refitl. berrig onipeinith. lvs IrS tie slit s

shwias sqjuares havixi' th piiisfif't ofi c-iaitficf('ii ipc''allt l 0 an- ~ri ,i ."(a: S.

Aliso sh,,-ix a i Viguir- :10 are( uragi f-ti retir1 a-ra'is ill Euirope 'A lih Ii lair he sill

Co'IJI-untiii .% ith tire lriS array ti piroidre intensive ground f-criar r-i (

aurioral /oin(. to rnririlaf itfr(-S andr over. a 3 hour- lcal true 5f'r'tiir. Niti' Hlia

(-xtenlSiou of ire( A hG1 neta iork east%%arI links a eli nfit, tin' l~sildjnruir-

Nurmijarv i f' the presen-t 1(;S ar-rayv. It is peedtaths1' il

he e Xtenlded I AM irlaR one ril(C tO. tin, mi [(iS Sttgactrrak i' r 0 atik the noi

latitudeh and aimil!r; !tx rr'pttr'tx- hr

statiun Ii Soiuthern Scandinravia iralfixa~ ax- 'ttt eri tlskralerauir and unt Nrini

''ire 1IriS Iiagrreoenii'tr'rs is(- Iii snf-iris, arnd a 5\steill Iif iraiking i ' <I reins Is

elrlivoeri iii prtI' veitir vnriatirr inltrrratini. Nak diata, %%irir 1111 tt1rr

CI nf ri i f hu s( i ines , 15 i'ei irided as th e Ni1. rifnd N W ( g wnaglr'trn ) coin poinernts ift

tire hrizntaliti fieldi and X. 'T) thfree (nrrririia('nts are sarripilf! sir111t1it;ilrc, iscr-tv at

2-1 2 secomnd intervalsI and tire Ceisr trrquetir ic recorded serially in -sel

rIagat-1tir ti E ight ihits r data are iirir'ded Froim each sf-nsiir.I, criir

rragnti-laitude- ft, Sens1 ix'it' Ii the '~angre is set tor 0.0 111i' ta(r hit anid 0. 1 ri'

er hi t. Tire flynranII( ii -r ine is nit rest ricted Ox% ft use if' riigt hits sitir Ir a ivIr'iC-1

is uIsed( t(, rr -;c''salc- ruirrs il the( rc ii'ing (as %lien rall hits rianiLa-ti

11111111 t 00000000". Thris iif'\i('c imroves tire cinatlit'k- ill trer-ill ic--u

analigf -re-ijris- rIrui 's i'sr0f1i1 as ri f'lag inl ire( use il digital ilit, rita( iIsatr

twip irehf iterni ii fic'r aidf .. iictid uor m -data piepi r:0i' I 11l it1,arf fi

* r innt fit' x r-Jr -ap wlii o it('re iiintiri t n is HillitA (,- ll :I ar r wir c-s

"t r.--nelrc'i cpir t" raigi- firwc dor'g'ssiorns rinri trat itI' if'itii'rfi- I,-;tr us'is l

l100i ;1 i, i)DC. iTus, :Iihoutgih tlic irist rumri-irs a l-L~ ( Iii I--rrfi ii'i
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I" itisat iii %% ik, fit, aid it, h, sit stmn nt an us tar kgr in fatb itd iiti

k \p c t II(tI:I , I tIi a( CfV( i 1tti t1 W X I I '( a V i t )it till Iea dC1(ing 11 ititit ait il I (~

spec hczti~w %kil r lfitilltit( sa ne.21;

I. 55t s atr scit ttN pat it, tiliiturgit %%here thiiv are tratisejI ttid h, tanetilie

tapet. Praiswipti,,tit takes it(,t-ri-t tis tie( data and tiastr t
alws a is.' it

at 10 GOO pi nIII hl I.. 'I It nc1eat i k t ape. TI II tnas(t-te t a inI s :3 tan's dta a;

htamI klie atati a attnd is I ranscrdtit in m inuites. A logical sYstem (t filinig

cttisetit I ve cas se It(i's li itl eathI st at l IttI septi rati e IIaster Ita pes is uISed I I ad

Is t5 l lwt datavcC -(,1 II- et tieta %-i Is a Iv Iaiableu. A 24-0 0 ft . s t at inon t ape (,( rita I is I

lni-iths data I'aII a single niagtietiinetci st.Ant analbig iiior is trade 'o (.:I ei

cIaSsI ttI ( t - zinil sat I). [his is used fit fault diagnasi; ais s ell as 1( pqin k

link- (dit tai ietts, etc. Figite 3i slin,%s a a sefi-tili iJ in quir k 1b(k I-etao

a itb traces lu'ng L i aFti N Wi til t I . I III,,p I t 1 tt(ItI )III. i gl ( 3 2 s ItI( ks I ti - s ai,(

event ril-Itd frn iti ast eIt ta i 11 1, t( secale luthp reltavel (at, tituat itilli a! Id

I )taait ifI tle a va IilIule itt 1 [tejtl re l lin ( la(t' exatle , as fiat'l j1 e iltsI

viin siete zttes Inn paI Ii /et dl<)In I(I ts- pInIISsp aai r a, lr(ss sft(It a.

pi n1i /tti.t. 1, t*. 'k , as titgitil daa 27 or users .v ia d,) nit have, the 1(;Sar-

ate i datal nitpaat it the laita ran he pt)viiei fit ASC( t tine-ti i-ik tape 1800

,t-I 1 00 hpl. lii ftlirnat ( it iItAl data Is sla,'ki Inl labe ';. [P ta ,I Thla t 1 iP

have beenl "i-ti- td hit sa'le jum1ps sIII( an1 krdiavbse lita' is- aidii-.

Itiqui rts fi-r -,pi es I' oat I rp p < ititsails f( , r c' itatpe t at;tIiuI rfsclI(I I f .

u.-3;t n i ed:h Ltta I- it n' ;!:, i1l' tdd JIt isse tI I - . II t l c

* nIlagtuet an Sllflt Institute (I' f;ceigical scrtn-n \lit, isttI s et7lit

liI )ad, I I ibutvgh I tV 3 IA . TIepliane 03 1 I 'if;7 -i000. h[l1 727 "-.

21;H li +1li k, j1 li Bt-, ),ti, j1 .iii iI hs. At. . 19 7 5) A I i m'c-I- \Ifttl

27. N1ilsI , P'. A.\l. ,tI mt K. I, ie i, (. A . ,Id Sttttf k I\ '1. flI - -) The I)ataI

lw is i I - . Re f t N . 0.dti ir h I
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Figure 31. Quick Look Record Section (Courtesy of IGS)
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Figure 32. Final Format Per Master Tape (CourtesYv of IGS)
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Table 5. IGS Magnetometer Stations

Coordinates
Stat ion Geographic Geomagnetic Period

Lerwick 60008 358049 62.53 88.97 1976 Jan-
Durness 58035 351o014 61.83 84.07 1977 Oct-
Loch 1.aggan 57024 355048 60.27 83.20 1976 Feb-May, 77-
Earlyburn 55042 356048 55.88 83.48 '976 Jan-77 June
Eskdalemuir 55o 1 9  356"48 58.49 82.23 1976 Feb-
York 53o58 358(55 56.79 84. 51 1976 Jan-
Cambridge 52()15 0003 54.93 84.59 1977 Sept
Valentia 51°)56 349045 56. 70 73.76 1976 Jan-77 March
Hartland 50059 355031 54. 68 79.28 1976 Jan-77 Apr

Tromso 69040 18')57 67.03 117.13 1976 Sept-
Kiruna 67050 20025 65. 15 115.95 1976 Sept-
Oulu 65005 25052 6 1. 83 117.26 1977 June
Nurmijarvi 60031 24o:39 57.78 112.88 1976 Sept
Kvistaberg 59030 17°38 58.19 106.02 1976 Sept-77 June
Arendal 58018 8038 59.02 97.05 1976 Sept-77 June

St. Anthony 57o004 308('39 62. 62 18.34 1976 July
Leivogur 64o11 338"18 70.28 71.57 1977 Apr-79 Aug

Eidar 65o22 304103 70.80 76. 33 1977 Ap'-78 Aug
Torshavn 62002 353041 6,5.39 85. 19 1977 Aug

King Edward Point -54 017 333()24 -44.04 25. 89 1976 July-
Halley Bay -75 31 323'31 -65.60 24.09 1976 July-
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Table 6. lOS Data Tapes for Special Intervals

9 tracks
800 or 1600 BPI
odd parity
ASC11
Block length 3960 (10-min data)
Lines per block 30 (3 lines/m-inute)
Bytes per- line 132 (24 values at 2-1/2 sec intervals)

Line Structure
Byte position

1-2 Station identifier
:3-4 Year (last 2 digits)

5-7 Day (000-365)
8-9 Hlour (00-23)

10-11 Minute (00-59)
12 Comnponent (11, D or Z)
1:3 -17
13-17 24 component field values

1:3-17 in 1 '10 nT units
128-132 (50000 added)

Each line can be read under Fort ran using a (decode statment
F:,,timat A 2, 12, 13, 212, Al1 24 F. 5. 1

T'he formaxat used is a quasi-i nminute Fx cm at xwith 24 com -

ponent values to a line. These field values were recorded
att 2~-1/2 second intervals during the course of the minute
aj 'tf in 1"'t p('n S izf i n-i1 11
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The- 1.>S. - Canadian UI.ls gri'Uid 1 aglwt"Ilwrti rt-t --i- .- si- "! 2 , satl '11,

tillflsm iit illita t.- the N( APA Spixie Ei'ai i'iiai- Inbtat,i y. A radti.m vlz i- ft,

NASA N( i)AA, SMS M E'S gesist iiiiai'v %% eathi-' rit' j' ill il -/d Cot LI: i;,

the net%-ni-k idi a 2tith -tit t iiilili'liteul at the- SiE., ituli rC.I ia.- put.

diiiei'tlv. The. satellite triisinrelay S'H sl'1- 1ae leatid illn

iiialiv palt ,t' stieh net-lairks as the Attiskani (Akas.. fiji, in-(tulat

WValker'), and I. SGiS (Wouod) instaliati,-us.

'Flit igh-latitude chairns J-i-m~- the Alaiskanl Chazin al-u lte h- 20 t''l.-Z

meridian thii(,ugii( ulge, Alaskai, (xtendiiig t,, thel \'leinit. -i hie liivital mw l'

the Forit Churcthill "lhaitiaii the i),lil', !liagne.ii Pt'iiiian tlreiugh it',t ('1ut--L;11

?ilan iti-ha; andf an a st -%% est i-haIit atI01ti1 : tile , i--i-al I -ca hi1g th alit-1-

i-ha is . Fi gu (e :.'1 t ilt tiati' thet, saztai n ,I' tin-sl- elha ins a nd LIIgine-, 34 sa h, the

iuidlatitud, PitS netwuk. .A listing (4t all 2f; ntetasui ;tztiim.-3 is pi-e-iutddI

'Table 7.I
In addiit ain, t%iia .rc- All-s katlttl -s ae n td Euern-l t l~i ; d at it tt.

staitii,n, C;uarn (rllcit ilatli m-t sit, - -Il gt i tape. lata i tlwl- ths 5 i 5  l

ate iout (itf -ange hio' satellite relax\ arc la-tIi !1tailed to, IPi,uller ferwt. ~tl
The miagnetimetei'5 usedI h-c t l-irai (attadman nets and hx' the t a~; ~i

gene rall,. EDA lInstrumients mI .2 u~ t' %ki iSAith in~(1 hI i\1-100 and -l 00(Ot

p)(edotiiinant. Not all LilA utlits i i-atl-S. i i attdi a "-iserld-

loop tode ii ith autnmiatie fri,-d ha zin-I S . ('fe(i !linual setting. Extil:-al

standard tells arie gener-allits ud f- .i ifi-te liii' lit i-n-h staIt itn \a it setisurs

iaiuunted in a block of liji- itc gi ass, n iii, g,-na I to 1 2(' and passive tr auii

control obtained thriough deI(,,i hurial. 11'IidiilatitUde rhalin Iniagnti' -- a t,'

set such that an output if i-10 vi its t ->i' is niinds- toi t:1000 gain, ra and hig~h- lat iilude

iiutputs if tiC vilts egiualling t-4000 ' arie iThai.. ese nmpagt ('11ete rs, 1uider'

c-,intriil of a microprocessor' in ai data logLger', mcclii in- pir si-i (nil then tt-i

and store 10O-second average value-s.

This stowed data is theni transmitte'd fii1im he atitiiatio, 'tat inns ti- .- ne -!t the(

NASA NC AAt, SIS '(;( ES gefosttiinar i-xc athcir satellites in 12 -tinnute hI.,cs

It is then t'elax-ed to a re(ceiving systemt at \aillil)s Island, 'ili'giia, anld -i-

metered to tin- Wor-id Weather Building at Mlarilmk Hieigh~ts, PIlar .N'Iani. 'hi-, iatal

is then sent vet' a dedicated teiephnc* le to 13mnldei', (oh-cad., \o-hre'I

sYstem if ininicoinput c-is (S-AAADS) r-e el' s and displax's i tic' dat a and Illehiart-s

tapes which are sc-nt till( thFnvi ri)minntal D~ata lnfkruat inn Set'vici (F-1)1) 'iiw

disseniination.
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'h (l ata is available to the scienti ic coInIInIulity ItI sevrt'al forinats

1. ".Stnickplhtts" (ste igut 35) (f tIe data f,,r eact I tI(,porierit and o Ir- ea 'Ih

chain ar'e prepared ron ,lie-iiinute aivraged data. 'htse plots ate available on
m1i'crot'ili for' Ilnth-Iong datai intervals.

2. Th 1-minute averaged digital data itself is aviilabhl I n agnetic tape,

1 Ill lith it a tilme.

3. letn-second resoition data a-t e lvailable _1II ag eti' tape, a1 lw, tIwy\s at

a time.

To obtain any of these data, contact Joe II. Allen, I;DIS World )ata (enter-A,

Boulder, Ct) 80303, Telephone (303) 4iW-1000, X;501. 28

At Nt.,AA, the primary use of the data is to generate the stbstrin' catal g

which is cinpiled by Joe Sutorik and published wkekly' in the Preliminary Report

and Forecast ,f S( lat Geophysical Data, a product of the Space El.nvironment Ser-

vices Center of Nt)AA's Space En vironment Labo ratory. This catalog provides

the date, onset time, and direction from Boulder (east, west, or centered) of

each substortn clearly identifiable by inspecting the chains stackplots. This

inferniation is useful not only to researchers who wish to select data inte rvals

fo- study, but also to operational personnel looking for explanations for "malfunc-

tioning" equipment.

SESC also uses the midlatitude IMS data to provide near real-time estimates

of the DST of magnetic storms.

28. Williams, D.J. (1976) SELDADS: An Operational Real-Time Solar-Terres-
trial Environment Monitoring System, NOAA Technical Report, ERI. 357-
SEL, 37.
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F. SCANI)ANAV IAN IMS NL'I'Vw(Ri

As a part of its [M0S program the uini versityv of NMunster hlas set up) a large

network of ina gnetornt eo t in the Scandinavian count roes. Tihe work has been

dour' lin cooperation with scientists from fil ,wing inst itut ions: G;eopfys ics

labrAory, Aitlus University; innrish 1leteorlllli)gical institute, Hlelsiniki;

K ireia Gieophys ical Institute; Sc dai nov a Geophyvsi cal C thse rvatov) Ft :inni sh

A cadernv fC Scijence and] I ette ra Depart in t i if Pla stins and lPhvs ic s, Institute

ot TclinLgy, Stockholm; Auro(ral C tbservatorv , 'Irurso; and t ppsala Ionospheric

t)bsertvatrvy. A total of 12 ,tites wire selected (see, Figure 36). The magnet-

meoters installed at these sites ate tlhre(-clni p(onort iniprived Gouglr-leit ?il

pst hodd units recording phtot igraphi cil ly a 4.5 mm nii n-, (one sample, per 10 seo.

The resolution is t72 ait with a filmn scale of about 45 aT] mon. Thel( stations airt

c, ordinated with several regular magnetic otig'-rvat ions in Scuandinavia atid tile

Kert/ and Maurer chain of dipitah -a'Jottei ( ilt, 5 in th F~'ligurce ~
A co)mbined listing is gi ven Ili Table 8.

The records will be used toi pt rfr-or:! e't ailed anlal v'sis tf' slniat l an1d ten i oral

behavior of high-latitude inshrc urr'erit Systems Includirng lield-allign d c-ur -

rents tin co-ilperation with other groups in Ilhe area o)peraitimg all-sta,, cameras,

rulnt et e is, auroral raldar, eitc. Thle N-S and E-W st ructrers o)f pe( nllmitic

var iat ions will he studied awith periitds clownl to 1 a in. Atnab ug trace( s will be

anlaly'Sis. For' o)ther tonles film collies of thle o'riginal ill ltaetm(grmus I ho-be

available at request in reasonable qurantit ies . For in re dra i led iafi cm attn

please co)ntact Prof. J. I at iedt, last itut fiur, Geo)pmvsik I li verst at \lloust er

MSevenaheke r Weg 61, D-4400 M~unster F. R. GS. tData fuma: the iraorschweigm ISS

iiagnetinmeter chain (profile k5) has been re-ported to the aviiah ilab i. it kttw differ-

ent t iie resotluttions (,f 10 sec and :30 scr per- samleull (Figurec 1). Plea'se contaci

Dr. If. MIaurer :33 Brtaurnschweig, S eadel ss hanst rasse I, I1 P. CS
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Table B. Scandnavian IMS Network

Stat ion
Profile Code Station Namte Geogr.. L~at. Geogr. LoAng. E

I F ItE Fredvang 68. 08 13. 17
G1.0 Glozufjord 66. 90 13. 58
()KS okstindan 65. 90 14.27

IS Utisede 64. 50 15. 13
HAS flassela 62. 07 16. 50

2 AND Andenes 69. 30 16.02
EVE Evenes 68. 58 1(;.77
RIJ Ritsemjokk 67. 70 17. 50
DVI Kvikkjokk 66. 90 17.92
SRV Storavann 65. 78 18. 18
LYC Lycksele 64. 57 18. 68

3 MIK Mikkelvik 70. 07 19. 03
ROS Rostadalen 68. 97 19. 67
KIR Kiruna 67. 83 20. 42
NAT Nattavara 66.75 21.00
PIT Pitea 65.25 21.58
HOP Hoopaka 63. 01 22. 56

4 S0K Soroya 70. 60 19.03
MAT Mattisdalen 69. 85 22. 92
MIE Mieron 69. 12 23. 27
MUO Muonio 68.03 23. 57
PEL Pello 66. 85 24. 73
OUL Oulu 65. 10 25. 48
JOK Jokikyla/Pyhasalmi 63. 77 26. 13
SAC SauvamakifHankasalmi 62. 30 26. 65

5 KEV Kevo 69.52 27.00
IVA Ivalo 68. 40 27. 40
MAR Martti 67. 28 28. 20
KUU Kuusamo 65.57 29. 15

6 BER Berlevag 70. 85 29. 13
VAD Vadso 70.10 29.39
SKO Skogfoss 69.37 29.42

7 NAM Namsos 64.45 11.13
FLO Flotingen 61.88 12.23
ARV A rvika 59.60 12.60
ESM Esmared 56. 74 13. 22
MAL Maloy 62. 18 5. 10
HEL Hellvik/FEgersund 58. 52 5. 77
KLI Klim 57. 12 9. 17
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IGM MAGNETOMETER CHAIN MAGNETOGRAMS X-COMPONENT

KUN

1I100 nT I _ __ I _ _ _ _ _ _ _ _ _ _ _ _

1800 1900 2000 2100 2200 2300 2400

19T8-03-02 TIME (UT) 19T8-03-02

Figure 37. 1GM Magnetometer Chain Mlagnetogranis X Compo~nent

(Courtesy H1. Maurer)
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G. UNIVERSITY OF ALBERTA NETWORK

The University of Alberta operates a line of four magnetometers extending

northward along - 300°E from Leduc, Alberta (60. 60 0 N), which connects to an

east-west line of four magnetometers stretching along approximately 67. 50 N from

Uranium City, Saskatchewan, to Fort Providence, N.W. T. Fort Smith is a

station common to both the meridian and east-west lines. Table 9 and Figure 38

gives coordinates and location respectively. Each station is equipped with a

three-component fluxgate magnetometer recording H, D, and Z at a sample rate

of one sample per component every 2. 56 seconds. Timing is accurate to to. 1 sec

and amplitudes are accurate to k1 nT over a full-scale range of 1000 nT. Aliasing

filters remove power in the frequency band f > 0. 3 Hz. Riometers operating at

:30 mlhz functioned intermittently at all the sites at various times since installation

of the stations was effected in the late summer of 1976.

The University of Alberta east-west line provides coverage over - 120 of

longitude, but this coverage can be extended by utilizing data from Fort Simpson

(to the west) and lynn Lake (to the east) which were also in operation during the

IMS. The meridian line portion of the University of Alberta array can be extended

and supplemented by the addition (of data fron stations to the north (Resolute Bay,

Cambridge Bay, and Yellowknife), within the array (Meanook), and to the south

of the line (Newport). This results in a meridian line with coverage extending from

- 55"N to - 83"N geomagnetic latitude.

Data from the array are maintained on nine track magnetic tapes at the

University of Alberta. Archive tapes providing 1 minute averaged values ,,I

II, D, and Z at each station have been provided to World Date ('enter A. Small

suites of Original data can be provided to ('anadian experimenters at no c(,st.

Principal Investigattr - l)r. Gordon Hostoker
Institute f Earth and Planetary
l'hvsics and the Depart ment of Physics

UniversitY of Alberta
Edmonton, Alberta TtGi 2J1
(403) 432-371:3

(ollaborators - l)r. Jo)hn V. ()lson
l)r. John U. Samson
(address as abive)
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Table 9. University or Alberta Network

Geographic Geomagnetic Date
Lat. L.ong. Lat. Long. Activated

Site (ON) (OE) (ON) (OE) (1976)

Fort Providence (PROV) 61.3 242.4 67.5 292.0 Aug 11

Hay River (HAYR) 60.8 244. 1 67.3 294.3 Aug 10

Uranium City (URAN) 59.6 251.5 67.4 304.3 July 16

Fort Smith (SMIT) 60.0 248.0 67.3 300.0 July 11

Fort Chipewyan (FTCH) 58.8 248.0 66.3 303.1 July 17

Fort McMurray (MCMU) 56.7 248.8 67.2 303.5 July 17

Leduc (LEDU) 53.3 246.5 60.6 302.9 July 10

SY(NF

A.sl SIJTKA PRO YkNF GREAT

GHAYR WHALE
SMIT RIVER

CHI . RAN[- CHUR ~ >MCMU

J MEAN

VICTORIA

SWHITE SHELL

NEWPOR

Figure 38. University of Alberta Magnetometer Array
(Courtesy of University of Alberta)
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H. ALASKAN NETWORK

The Geophysical Institute of the University of Alaska operates a chain of
stations extending from the Pacific coast to the vicinity of the invariant pole
approximately along the 2600 E geomagnetic meridian. This chain includes the
Canadian magnetic observatory at Mould Bay and a USGS observatory at College.
The USGS observatory at Barrow, situated to the west of the meridian chain is anadditional important auroral zone station. Table 10 lists pertinent information;stations designated with an asterisk are part of the U.S. -Canadian IMS magneto-

meter network. Details of operation and data availability are given in the section
presented by J. Joselyn. Figure 39 shows the location of the Alaskan chain
stations. Data from the non-satellite relay stations are available from WDC-A
in Boulder as I month tapes with 5 minute averages.

Contact is: Dr. S. -I. Akasofu
Geophysical Institute
C. T. Elvey Bldg.
University of Alaska
Fairbanks, AK 99701
Phone: (907) 479-7367
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Table 10. Alaskaii Chain Stations

Geographic (;eonmagnet ic ( )perat ing

Location ILat. N Long. W ILat. N ILong. E Organization

Eureka 800 85 '75 IA!.

Isachsen 78.80 104 lA1.

Johnson Point* ( Al.

Mould Bayt 76.2 240. 6 79. 1 255.4 EMI

Sachs Harbor" 72 125 75.27 266.40 IA1.

Cape Perry 70.20 124.70 A I.

Inuvik '  68. 25 133.30 70.58 26(;. 40 l Al.

Arctic Village 68. 13 145.57 67.88 254. 52 IA I.

Fort Yukon .- 66.57 145.28 66.62 256.80 UA I.

Poker Flat 65.13 147.48 65.12 257.55 UAL.

College* 64.88 148.05 64.60 256. 30 GS IAI.

Talkeetna 63.30 150. 10 61.88 256. 9i5 IAI.

1. S. -Canadian IMS Magnetometer Network Station.
t Energy, Mines, and Resources Canada Magnetic Observatory; magnetometer

with analog readout.

U.S. Geological Survey Magnetic observatory.

103

Urt



MS Alaska Meridian
SCANINAVIA Chain of

Geophysical Observatories

P Invariant
~~N. GREENLAND Lttd

I EUREKA 890
02 ISACNSEN 860

3 MOULD BAY 810
* 4 JOHNSON POINT 780

5 SACHS HARBOUR 760

6 CAPE PARRY 740

7 INUVIK 740

8 ARCTIC VILLAGE 690
AAA9 FORT YUKON 670

40 FAIRBANKS 650

44 TALKEETNA 620
- 42 ANCHORAGE 610

Figure 39. [MS Alaska Mleridian Chain
(Courtesy of University of Alaska)
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I. INDIAN NETWORK

A total of 10 magnetic observatories are being operated in India, seven of

them by the Indian Institute of Geomagnetism, Colaba, Bombay and one each by

the Indian Institute of Astrophysics, Kodaikanal: National Geophysical Research

Institute, Hyderabad: and Geodetic Research Branch, Survey of India, Dehra Dun.

The geographic and geomagnetic co-ordinates of the observatories together with

the year from which they have been functioning, type of equipment used, and

approximate value of D, I, H1, Z, and F are given in Table 11.

Apart from standard magnetic variometers two of the observatories of

Indian Institute of Geomagnetism, those at Alibag and Trivandrum, are equipped

with locally fabricated micropulsation stations. At four of the magnetic observa-

tories of the Indian Institute of Geomagnetism the absolute determination of hori-

zontal and vertical intensities is made by vector proton magnetometers. The

Institute has also fabricated a receiving and recording station on Whistlers which

is shortly proposed to be installed at Srinagar in Kashmir.

For additional information please contact:

Dr. B. N. Bhargwa
Director
Indian Institute of Geomagnetism
Colaba, Bombay, India 400-005
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J. NATIONAL INSTITUTE OF POLAR RESEARCH NETWORK

The National Institute of Polar Research has established a network of stations

along the 80th geomagnetic meridian in Antarctic and a conjugate point station at

Husafell, Iceland. Three of the southern sites, Syowa, Mizuho, (manned) and Al,

(unmanned) are operating with M2 (unmanned) scheduled for installation in

September 1979.

Instrumentation of the manned sites includes fluxgate magnetometer, induc-

tion magnetometer, 30 mHz riometer, VLF wideband receiver, and auroral TV

camera. The unmanned stations will include fluxgate magnetometer, induction

magnetometer, and 30 mHz riometer. The location of these stations is shown in

Figure 40 and their coordinates given in Table 12. The conjugate stations,

Husafell and Syowa, occupy areas corresponding to the northern and southern

hemisphere feet of the magnetic field lines through GEOS 1.

For additional information please contact:

Dr. Hiroshi Fukunishi
National Institute of Polar Research
9-10, Kaga 1-Chome, Itabashi-Ku
Tokyo 173, Japan
Telephone (03) 962-4711
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K. t 'A'FITI) STIVITES (;OL()I,();IU, St,iH% I.,) 'L'i'wo(ItK

The LS(S operates magnetic observatories as tabulated in Table 13. A t

adjititoail obseivatory, ilHmoulu, is op razo d ht. Hi ( iAA ,'.aut hev Service- il

the data is prolcessed by the I SGS in its iormal formiat. The statiofns at liulidel,

Sitka, Tucson, College, and Barro w are operating digital tluxgat(-proton SYSyclils.

The first four employ a sample rate of one ( Coplete set every 10 secnds ex('e-pt

Barrow which is on a 20-secored cycle. The units at (llege, San .jan. and

Tucson also function as a part o the '. S. -Canadian IMS Magnetometer Net, ork

utilizing satellite data relays. The 19711-1980 program plans include tie e(,n-

version ,or all stations to the digital fluxgate-proton sYstem and the addition of

two new unmanned observatories, one in California at tie base of the San Joaquin

range and one in either southern Texas or nort hern Florida. The prigran also

calls for the replacement of the siared large computer facility %v ith a dedicated

mini-computer with full station dial-ilp and check-out functions. Tile m, (Iri-

puter will also prepare individual monthly observatory publications containing

mean hourly values and station magnetograms. Base lines %%ill be checked

periodically depending on the stability of the individual stations. Barrow is cur-

rently being checked only every 4 to ; weeks a ith excellent results, Ilwo ai,,r

limitation being temperature stability. tegional conductivity studies will also be

completed as part of each new observatory installation.

The repeat station survey program used as basic input tor preparation of

magnetic charts is also active. About 150 out If 250 such sites in the 1". S. will

be occupied in 1979. Similarly about 25 out ,If 50 Alaskan sites wvill be occupied

in 1979-1980 and as many as 10 South Pacific sites, logistics permitting.

Additional sites in all areas may be occupied over the next several years to, pro-

vide special support to the MAcSAT program.

Contact for additional information:

John D. Wood
USGS
Branch of Electromagnetism and Geom agnetism
Denver Federal Center, MS964
Denver, CO 80225
Telephone (303) 234-5458
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Table 13. United States Geological Survey Network

Geographic Geom agnet ic

Location Lat. N Long. W Lat. N Long. E

a Barrow 71.30 156.75 68.64 241.55

College 64.88 148.05 64. 60 256. 30

Sitka 57.07 135.33 60.09 275.86

Newport 48.26 116.99 55. 15 30.76

Boulder 40.08 105.14 49.0 31(;. 5

Fredericksburg 38.20 77.37 4 9.54 :150.42

Tucson 32.25 110.83 40.48 312.72

San Juan 18. 12 66. 15 29.57 3.63

Guam 13.58 215.13 4.04 213.35

Honolulu 21.32 158.00 21. 17 266.99
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Appendix A

A List of Potential Events for Special Study

The intervals studied at the EMS Workshop held in Tokyo, March 1979.

During each of these intervals one specific event was chosen by the interval

co-ordinator. With one exception, there is no information as to the specific

events within the special intervals which were chosen. Full details can be ob-

tained from the discussion Chairman Prof. T. Saito, Geophysics Institute,

Tokoku University, Sendai, Japan.

Period Interval Co-ordinator Address

13-14 July 1977 W. J. Hughes Astronomy Dept.
Boston University
Boston, MA 02215, USA

16-19 Aug. 1977 J. Vero Geodetic & Geophysical Res.
Institute of the MTA
H-9701 Soprou, PF5, Hungary

20-23 Sept. 1977 D. Orr Dept. of Physics, Univ. of York
York Y01 5DD, England

9-30 Dec. 1977 B. Fraser Dept. of Physics, Univ. of
Newcastle, Newcastle, New
South Wales, Australia

14-15 Feb. 1978 V. Troitskaya Institute of Physics of the Earth,
Moscow D-243, USSR
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Two other events were mentitoned as being worthy of special study:

1. The interval just after ISEE 3 launch. The ISEE 3 magnetometer was

switched on 21:40 UT 12 Aug. 1978, and reached a distance of 50 HE from the

earth at about 1200 UT 15 Aug. 1978. This interval would be particularly good

for solar wind correlations.

2. The event of I December 1977, 1600-1800 UT. This event was

"discovered" at a workshop at Goddard held to study the 9-10 December interval.

Both H. Singer (UCLA) and T. Fritz (NOAA) found a pulsation in the magneto-

meter records of their respective spacecraft; ISEE 1-2 and G(ES 2. Waves have

subsequently been found on SMS 2 and ATS 6. This appears to he an ideal event

with which to study ground/satellite correlations in details.
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Appendix B

Geomagnetic Field Workshop Questionnaire

1. Understanding how geom ragnettit variations are protdutd - s(mie important

unstoved problens:

a. What inft rm at ion is needed to solve existing problem

b. flow (an the inf'ormation be miade available +

c. flow (-an ground based magnetometer networks contribute )

i. ILatitude: midlatitude (A F'GI, Chain, etc.) - high latitude

ii. orientation: North-South; East-West

iml. "lme resolution

d. What type of coordinated measures are desirable'

gr und-satellite

network-network

How can magnetic field data be used to predict and/or monitor substorm

activit, pulsations, ring currents, convection, etc '
)

3. Indices:

a. What are the inadequacies of existing indices)

b. Should new indices be devised 9

4. Calibration:

a. Can satellite measurements be used to calibrate ground based
instruments I

b. Can ground based measurements be used to calibrate satellite
instruments9
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5. Data dispersal: Are existing methods adequate?

6. Ground based networks in the post IMS period:

a. What are current plans?

b. What is required?

116



Appendix C

Questionnaire Responsm

Written responses to the questionnaire (Appendix B), distributed for discus-

sion during the workshops, were submitted post factum by Major V. Patterson,

Prof. R. McPherron, and Dr. Eugene W. Greenstadt, and are given below.

A. Response of Robert L. McPherron, Professor of Space Science, Department
of Earth and Space Science, UCLA, Los Angeles, California

What are some of the important unsolved problems of magnetospheric physics'

iThese include:

1. What causes the onset of a substorm expansion phase?

2. What controls where the substorm will occur, how big it will be, how long

it will last ?

3. What determines the properties of particles energized and injected by the

substorm ?

4. What are the mechanisms for redistributing injected particles'

5. What are the loss mechanisms for these particles?

6. How is the energy released by the substorm dissipated in the ionosphere"

7. What effects does this energy deposition have on the ionosphere"

Many of us working on the subject of substorms have speculative answers to

most of these questions, but based on inadequate data. These models are quite

controversial and are certainly far from being quantitative.

What information is needed to solve these problems"
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1. Better monitoring instruments with higher time and space resolution.

2. Better distribution of instruments such as ground networks and multiple

satellites.

3. Better data acquisition techniques.

4. Better archiving and retrieval systems.

5. More support of researchers studying these problems.

As a specific example, I believe great progress could be made on the question

of substorm onset mechanisms if we had an auroral imaging device producing

high resolution pictures of the aurora at a rate of 1 per minute. Using solar

wind, with magnetospheric and ground network data obtained simultaneously, the

auroral pictures would help immensely in deciding which models to use in inter-

preting our ground data.

What contributions can the AFGL chain of magnetometers make to substorm

studes" We must first ask in what ways is the chain unique. These include:

1. one of the few constant magnetic latitude chains in the world.

2. Identical instrumentation at all stations.

3. Instruments have high sensitivity and low noise.

4. Data is acquired at very high time resolution.

5. Exceedingly accurate relative timing at all stations.

G. Data are acquired and stored in real time.

7. There is an extensive historical data file.

Geomagnetic phenomena which can be studied with the network data are those

which produce strong magnetic perturbations at sub-auroral latitudes. These

include substorm field aligned currents and pulsation phenomena associated with

the, plasnapause such as Pi2 pulsations.

Both of these subjects are currently of great interest to magnetospheric

physicists and appear to be closely related topics. The onset of the expansion

phase of a magnetospheric substorm is characterized by a number of events

including a short burst )f Pi2 pulsations and the formation of a wedge of field

aligned current diverting a portion of the near earth tail current through the

aurotal oval. rhere is some evidence that the Pi2 burst is the initial transient

associated with the resonant propert ies of the circuit carrying this field aligned

current.

Since the cause of the substorr expansion onset is not presently known, it is

impportant to identify the processes which occur near the region of onset, at the

time tit onset. Pi2 pulsations car be used in such studies because they define

expansion oinset times precisely. The AGI. network with its high sensitivity,

low noise, high tino resolution, accurate time, and locati(n just equatorward of

the plastoapause is ideally suited for observations of Pi2 pulsations. one impor-

tant appli(ation of the network data would he to create a list of substorm expansion

,,nsets for. use in substorm research ploects.
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It is equally important to know where an onset occurs and how it subsequently

develops. Information regarding this question can be obtained from the east-west

magnetic variations MD component) measured along a constant magnetic latitude

chain. The center of the sheet of field aligned current entering the ionosphere in

the morning sector is near the longitude of maximum negative deviation in D.

The center of the outward current is near the longitude of maximum positive

deviation in D. The center of the current system is where the D perturbation is

zero. The AFGL network is ideally located for determining such parameters

when North America passes through the midnight sector.

The preceding comments partially answer one of the major questions, how

can magnetic field data be used to monitor magnetic activity? pulsations ? etc.

(Question 2 in Appendix B).

The preceding comments are also relevant to question 3 regarding possible

new indices. Since the AFGL network is of limited extent in local time, it is not

possible to generate planetary indices. However, the data can be used to generate

indices during fixed intervals of universal time. For example, an important

contribution the network data could make would be to produce pulsation indices

for various types of magnetospheric wave activity. Specifically, a Pi2 index of

substorm activity could be generated by band pass filtering out the 60-second

period band. An indirect monitor of solar wind characteristics could be generated

by band pass filtering the Pc3 band.

The final question I would like to touch on is that of data dispersal (question 5

in Appendix B). It is here that the AFGL seems to be having the most difficulty.

Until very recently, few persons outside AFGL had ever seen the data. While it

is possible to acquire small amounts of data in graphical form, a request to study

a major portion of the digital data would not be easy to satisfy.

The cheapest and easiest way for AFOL to disperse the data would be to dup-

licate the entire data file as it is and send it to the World Data Center in Boulder.

Alternatively, AFGL can act as a data center, filling requests as they come in;

however, this requires staff specifically dedicated to this function. Still another

alternative would be to provide a dial-up computer link so outside users could

gain access to the on-line data files. This method is limited by the amount of

data kept on line, by the data transmission rate, and by the costs of the dial-up

link. It would also require software development to ma -e possible access by other

computers.

Any of the above methods is unlikely to result in extensive use of the data file

because of the costs involved in using the data. To obtain such use, AFGL will

have to support the cost of research on the data base. Possible methods include:

1. Reassignment of current AFGL staff.

2. Addition of new AFGL research staff.
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3. Visiting scientist positions.

4. Summer research positions.

5. Consulting arrangements.

6. Grants to universities or research organizations.

If the data are to be analyzed at AFGL, additional support must be put into the

mini-computer facility in the form of dedicated programmers and additional

hardware and software, Without this, AFGL's staff or visitors will not be able

to gain access to the data. In addition, institutional arrangements must be made

whereby those interested in the data can influence program development. For

example, in my opinion, a major problem with the existing data processing scheme

is that suitable averages and indices are not generated by the data acquisition and

archiving program at the time the data are acquired.

An attractive alternative is for the AFGL to sponsor research and develop-

ment grants in outside organizations. For example, the algorithms, programs,

etc. required to analyze AFGL data elsewhere could be implemented at AFGL by

existing staff members provided proper documentation of these was generated by

the grantees.

It seems likely that current research areas in geomagnetism will eventually

become matters of continuous importance to both military and civilian agencies.

When this happens, continual monitoring of magnetic activity with magnetometer

networks like AFGL, and also real time processing and display of data from these

networks, will be essential. I believe one important goal of AFGL research

activities should be to incorporate various research tools into the real time data

acquisition system so that their value in monitoring can be demonstrated.

B. Response of Dr. Eugene W. Greenstadt, Space Science Department,
TRW Defense and Space Systems Group, Redondo Beach, California

My answers to the items on your list of questions follow. Each reply is cast

in the frame of my own project rather than in the full generality of the questions.

which I presume are best answered in total by a panel or a composite of such

individual responses. Answers to the questionnaire:

1. a. Two types, more precisely, two scales of information are needed.

First, relatively brief, say, 2-hour to 2-day intervals of data corresponding

to identified events or sequences of events are needed for the study of the physical

transmission of waves through the magnetosphere to the ground. Second, rela-

tively lengthy intervals, say several hours of data each day for several months,

are needed to develop and test pulsation-based indices of magnetospheric and

solar wind parameters. Within either scale, the information content consists of

the time and amplitude, or power, of signals in selected frequency bands.
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I. b. 'File infornation can be made available front Fluxgat( or, inducti,,n coil

re'eordings as plots, filns, tapes (or listings), depending (,n the application.

Plots anAd tapes can be made available by mail; taped data can also be made avail-

able by telephone line between computers.

.c. i. \lidlatitude networks, that is, stations equatorward of 'the plasna-

pause like AVGI,ls, are advantageously situated to escape some of the extreu(s

in variability of pulsation characteristics that affect stations comnecled to the

plasmatrough. The most outstanding (,xample is periodicity: a station at, say

GO" magnetic latitude may pick up a resonant response ill the Io%% end ,If the Pc3
band, at a Pc3 amplitude, one day and the low end of the lPc5 band, at a Pc5

amplitude, the next day because of changes in density in the plasntatrough. Hom

ran such nieasurements b. compared? Badly.

1, first ,rder, the plasmasphere above the AVI.G chain tends to be more

stoble than the trough further north so that the stations ought to pick up signals

or resonances, if anry, concentrated in the Pc4 band. That should help, because

the amplitude in the one band, from day to day, may be more di iectly relatable

to differences in the level of input perturbation, k):, signal, at the magnet pause,

and less to lucal vriations in the magnetosphere. We do not belittle the prospect

o,r getting one variable out of the way in this business. Further, if this approach

,wrks, it may becorne poasible to calibrate some of the more refractory, high-
latitude data so as to make them 1o1re usable.

1. c.ii. Additional reduction in variability can he achieved at certain local

times, so an E-W chain increases the probability that some station \ ill be in the

ptimal hcation often enough to build up an acceptable population of cases. This

probability becomes even higher if Eskdaleinuir (U. K. ), for example, is consid-

ered as an eastern extension of the AFGT. network.

1. c. iii. I )r the explicit purposes I am enunciating a sampling interval of
20 seconds and a processing interval of 5 to 10 minutes t( obtain, for exampl%

maximal amplitudes or spectral estimates, which would be adequate. This is rela-

tively undemanding and is well within the resolution of the AFGL system.

1. d. Ground-satellite co-ordinated measurements are necessary both for

studying cases and for satistical analysis. If the AiEGL chain yields a decent re-

sult, then netwo rl -to-network co-ordination, particularly between the AFGL and

,ther statihns at about 70" would be desirable.

2. Pulsations can be monitored by visual inspection of filtered or unfiltered

plots, by representations of filtered signals in terms of amplitude levels, power

spectral densities, or dynamic spectra (in order oif increasing cost, complexity,

and information content). Such representations can be displayed as plots or re-

corded on tape for further processing and analysis. Some types of pulsations,

Pi2 for example, may be predictive (of substorms or' even, we may speculate, of
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ieosyti'hrolos satellite anomalies. Prerdictions o this sort are in teir- infam '-

and require investigation and development.

3. a. As far as pulsations are c'oncerned, the inadequacy of existing indices

lies in the current lack of such indices. Years ago, Saito devised a pulsation

index he called Kco3, based on Pc3 measurerents at one observatory, which cor-

related well with solar wind velocity. This development was never followed up

and never expanded into a worldwide index. The IMS network offers an opportunity

and, I believe, and obligation to attempt such a project.

3.b. New indices should be devised, but it will not be an easy task. It must

begin as simply as possible with improved correlations that will lead to selection

or establishment of stations most suitable for a wo rldwide monitor system. It is

quite prssible that the Air tF'orce chain will serve as the core bases for recording

data that can be fashioned into a worldwide index, or at least a midlatitude index.

4. a. b. For the particular investigation and application I have in mind,
satellite-ground calibration, and the reverse, are intrinsic elements.

5. Yes and No. Existing methods are adequate, but the AF(1. system does

not appear at present to be set up to use them. First-order processing, that is,
spectral selection of data has not yet been developed for either internal or external

use, and phone-line call-up capability has not been established for external use.

There did not appear- to be a research plan at AFGL, whose unfolding would auto-

maticallv result in the above facilities. For further detail, see commentary

below.

G. a. Current ground-based plans seem to be mixed. Some recordings have

already been terminated; some will be discontinued at the end of the IMS; some

after MAGSAT; some as budgets dictate. Some stations are just now designing

improvements for the future; signifying an intention to continue recording

indefinitely.

6. b. What is requirrj is largely unknown for the simple reasons that there

is a sizeable phase lag between recording and analysis of IMS data. Serious

inadequacies of IMS data collection, if they exist, may not become evident for a

year or two. One of the major accomplishments of the IMS, in which the AFGI.

chain shares, is a great improvement in acquisition and recording technique,

which now is ahead of the capacity of the analysis community to absorb the data.

Although several significant results have already come out of the IMS, the bulk of

advances in both quantity and quality will undoubtedly arise in the early 1980's.

My view is that recordings should continue toward solar maximum until

analysis shows which deletions or changes will be profitable. (onsider the Air

Force chain and pulsations as an example: recent work has shown the global

nature of some selected pulsation events; that is, several stations, both merid-

ionally spaced and conjugate to each other, observed similar manifestations at the

122

- o''i



same tiliiv. .>IMi of the data %%cr' displayed duingi ' ,ii ksh, 1 i. Th' distanc(

limits on such similarity have not been established. It inay% (it mav noit) I)v that

the seven AVIM. stath ins 'oio d be replionl by fur a i)h !),, .ei ,i.s loss of inf)r-

mation content, but I do not think we' will know until well after the lIdS is (yver

(see below).

Connimentarv

AFGI. has installed an advanced system of ge(magnetic data collection in

which the acquisition points are advantageously located for at least some inpor-

tant geomagnetic investigations. Further, the data gathering and storage scheme

creates a file of data of superior organization and accessibility. The file so

created contains gargantuan amounts of information which can be extracted only

bv advanced techniques of data processing. rtunately such techniques are

available today, and at far- less expense than they were even a very few years
a go.
a. I found that certain kinds of processing had not been planned as an integral

part of the A.GI. farcility from the outset. ()ne purpose of the system is ti, record

and apply field oscillations, but the basic content of the recordings front whichl

any analysis begins is a summary if what oscillations are present at a given timec.

Even if the spectral content is not stored separately, and I think it definitely

should be, the capacity to comb any given set of tapes for spectral content should
be a routine library function fundamental to virtually any exploitation if the put-

sation records, whether internally ofr externally originated.

In a sense, the entire AIFI. ne, may be regarded as a single geomagnetic

instrument whose application requires an associated calibratiin. I offer twi,

illustrations: suppose someone is interested in studying a selected strm or sub-

storm ora set of them - some IIS intervals, say. The distutbance fields would

be obtained by subtracting S. But what is S Fr each of the AFGI. observatories"
q q

Any individual wishing to examine a particular interval can hardly be expected to
make a bulk analysis of the entire library to find S before he can begin work oin

a 2-day stiirm. A set of Sq curves or tables should be regarded as a calibration

that's part of the system description. Similarly, there is a diurnal variation in
baseline pulsation level that can be used to indicate the best hours for selecting

passband data and the level above which pulsation events can be said to have
occurred. Curves and tables of such variations should be part of the system

description.
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cI ounic'atins as5 tIllo%%ts:

1 . I .iblal' [.(ot tit llt'S o'I ilitlIojirlm (ssl. : f~r l c.' 1'l. digital liltctirig , f thre

diata %%ith selectable passbals, start, andi st'.11 thiits, should be dt'\el'lpj5d and

debugged, or- bought, % ith the utmros! itspattli.

2. A 'pab1)i I it t f rto r-d i g titr' Io-i ut litt ai tpe, i iit d Ilist inrgs, and

plotted gr-aphs should be acquir-ed. I r't'allv see no r-eason A IGI. sho~uld riot he

accumulating, storing, andi per-haps even timiling out, the samet sor-t of f-t dia-

grams that ( nagaw a and IKakioka aire p r Ividing.

3i. Aver-age, quiet -time character-ist irs ttf each station at all accessible fire-

quencies should be discover-ed, recor-ded, listevd, and pr-inted as pa rt f the svstenr

descr-iption.

4. A capability (of telepho no line coupling that would pvrtit t emoral cotimputet t

access to any stotred data set shiould be (est abl ished.

In sum miar-Y, the Air- 1"or'ce ittagnett rttet net can he a ;ur'tductivye eler: n(nt it)

gel magnet ic teseatrch and application, but some definite stops need t( lie made nwt,.

to r'n pr~omise into real its'.

C. Response of \lajoir Vein Pattvion, USAFI, Air' Weather- Ser-vile,
Global Weather Cent ral, Offutt AF13, Nebr-aska

1. a. What information is needied to solve existing pr-oblems*' I bl]ieve a

means needs to be developed tot pr-ovide wr,ldw ide ort hemispher-ical mia ps olf geo-

magnetic va rtat ions. T hese maps should include spatial and temporal changes.

,otne possibilitY would be tii produce a film, of a rottr'mapping pi )rr

AlIthough the need exists to include satellite data, insufficient dat a is avail able at

this t ime. lio-weve r, maps should be inado using all avail able g lurid -based mag-

netometer, data. O ne iof the WI rid Dat a (enter-s wo uld be an ideal 1,rat io n for- su(ih

ain effort. I am fi tin l co nvi nced that the pr-esent or agneto(inetc r dat a is trader'-

ut iIi zed because of difficulto. in handling it and in its use as either- a point or- line'

sour-ce. A mneans of displaYing the data wo uld have to be % kikd o ut and this

wo~uld probably be a good topic for- a future workshl p and oir for' a suggesteId fund -

-' ing pr-ogram for, r~esea ra oz- studies on the possible a ppl icat ions of existing dlata.

1. b. flow can the info r'matiun be made available ') Data in a standi d format

sho~uld be pirtvided to a Wor-ld Datti Center' for- dist ribution. Colmmoin formats5 a r'e

a key element whether or not the data is prliried by thre Wotr!d Data ('ente r'.

1. c. Ilow can gro und -based magnetl tieter inctwor'ks ('tntiibut e

i. Lat itude: M idlat itude, high -lhittulle, bo th ai- increquhi rd. lPi'Ibablv%

finer r-esl Iut il n is requirevd at the higher latitudes.

ii. (wrientattion: Nlottt-Slltth; East-West: both at-( r'equirced.
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iii. Time-resolution: Depends on the ability to time synchronize the

sites providing the data for the world maps. I would like to see

the time resolution set at 1 minute. This might be impossible

fC r a large number of sites and one might have to go to 5-minute

resolution. The resolution should not be longer than 5 minutes.

1. d. What type of coordinated measurements are desirable. I believe that

most emphasis should be placed on network-to-network co-ordination at this time.

2. fhow can magnetic field data be used to predict) This topic is best

answered by the scientific community. This might be a good topic for a mini-

workshop, a review article, or for a notice application program.

3. Indices. I firmly beliee that present indices are inadequate and that they

are being greatly misused. I am not sure that they can be improved greatly but a

review article explaining their origin, what they measure, and deficiencies is

needed.

4. Calibration. This question should be answered by Bob McPherron, UCLA.

5. Data dispersal: Are existing methods adequate' " No! Data sources are

not %ell known or centralized. Data formats are not consistent.

6. Ground-based networks in the post IMS period"

a. What are current plans' ) (heck with Dr. J. Joselyn, SEL/NOAA.

b. What is required" It was agreed that strong support should be given

to maintaining the IMS Network.

D. Other

The A I GI. Magnetometer Network:

It was agreed:

1. AFGI. should develop a time-series data base management system to pro-

vide data to various researchers. However, it is recognized that this must be a

limited effort as AFGL is not a data center.

2. In the future AFGI. should consider possible extension of their present

system to include part of Dr. Stuart's chain in Western Europe. He has located

several stations along the 55o N latitude line used by AFGL.

3. AFGL and USCGS (U. S. Coast and Geodetic Survey) should look into the

possible combined use of stations.

All Magnetometer Networks:

1. The present ragnetometer networks provide the best set of magnetometer

data ever available. However, because of the research lag in using the data these

networks are all facing financial reductions before their full scientific importance

is realized.
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2. A great deal of concern was expressed about the potential loss of the llIS
(International Magnetospheric Study) Network and the reduction or loss of other

networks. It appears that the IMS Network was justified on its ability to provide

near-real time science rather than on its being the most efficient way to collect

and store data. Now since very little real-time science has been accomplished

some NOAA personnel see little use in continuing the network upon completion of

the program.

3. It was generally agreed upon that a letter- should be prepared on behalf of

the wrksht, p providing strong support to maintain the IMS Network.

Applications:

I. General

a. It .%as suggested that a second a orkshop should be held within six to
ta.lv,, ',ths. This Lroup should be smaller and should study - particular event

. lstld pi tllern. This group a ould take a tiger-team approach.

h. Increased emphasis needs to be placed (n data analysis rather than just

(tatz , e m

I. Increased c,-, rdiratii n between the solid earth and space physics

,,rkf.rs ,l. t m tmprve ge)Iiagnetic field research. Although each group is con-
mc rned , ith dirfecent p .rti,)ns f the data spectrum (solid earth - internal geo-
magnet r ield: space p1 hy iics - external geomagnetic field), each group must be

aware J" !evlh,pments ,ver the full spectrum.

d. It was suggested that a small amount of money be provided to support

a sflective nltice application funding program. An ann, uncement of opportunity

c,,uld he made in which scientists would be invited to submit proposals to analyze

available data.

e. The present geomagnetic networks should not be reduced as these data
a ill provide excellent correlative support to upcoming satellite systems.

f. It was suggested that a review article be prepared covering all the

known magnetic indices. This article would describe the indices, what they neas-

ure, and the deficiencies.

2. Potential Application of AFGI. Network.

a. Improved reliability of AWS real time sites.

b. Use of pulsation data to specify the occurrence and location of sub-

storms and to specify solar wind velocities.

c. Correlative use of magnetometer data along with the SSJ/3 data to

determine the Q index.
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